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ABSTRACT 
This work is concerned with the cyclisation 
reactions of thermally generated nitrile ylides with a, 
/3; y, -unsaturation, where the y, 	-bond forms part 
of an aromatic ring. 
These compounds cyclise exclusively via a 
1,7-electrocyclisation. 	A subsequent [1,5]-hydrogen 
shift gives 3H-2-benzazepines. 	No evidence for a 
1,1-cycloaddition followed by ring expansion was 
observed. 
The mechanism for this 1,7-electrocyclisation was 
probed by two means; (i) by meta-substitution in the 
aromatic ring to give the possibility of 2'- or 6'- 
attack, and (ii) deuterium labelling st.udies. 	These 
studies show that the substituents, Me, OMe, Cl and CF3, 
all favour 2'- over 6 1 - attack in the ratios 2.47, 1.53, 
2.10 and 1.49 respectively. 	They also show that the 
initial attack on the aromatic ring by the nitrile ylide 
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Although some classes of 1,3-dipole have been known 
for over a hundred years and a review of systems capable 
of undergoing 1,3-additions was published by Smith1 in 
1938, it was not until the 1960's and the classification 
of 1,3-dipoles by Huisgen,2 that these systems became the 
subject of more intense study. 
A 1,3-dipole may be defined3'4 as a system a-b-c in 
which a has an electron sextet, i.e. an incomplete 
valence shell, and carries a formal positive charge; and 
c is a negatively charged centre having an unshared 
electron pair. 
1,3-Dipoles react readily with most multiple bond 
systems, the dipolarophile, to give a five-membered 
cyclic product, via a [3 + 2 - 5] cycloaddition, in 
which a bonds are formed at the a and C termini and the 






Dipoles in which the positive centre a is an 
electron-deficient carbon, nitrogen or oxygen are 
generally not stable enough for long-lived existence. 
However stabilisation is possible by donation of an 
unshared pair of electrons at atom b, as shown below. 
ci—b—c 	O J— 
An all octet structure is thus attained in which b 
becomes the site of formal positive charge. 	By varying 
the atoms a, b and c it is possible to construct a series 
of 1,3-dipoles, as shown in Table 1. 
All 1,3-dipoles contain an allyl anion type7r 
system, i.e. four electrons in three parallel atomic 7r 
orbitals, but an element of variation is provided by the 
incorporation of an additional 7r bond in the plane 
perpendicular to the allyl anion molecular orbital in 
1,3-dipoles of the propargyl-allenyl type. 	Usually, the 
occurrence of this extra 7t bond makes 1,3-dipoles of the 
propargyl-allenyl type linear (see later for an 
exception), whereas 1,3-dipoles of the allyl type are 
bent. 
Propargyl-allenyl type 1,3-dipoles have nitrogen as 
the central atom b, since this is the only element which 
can supply an unshared electron pair while in a neutral 
trivalent state. 	Allyl type 1,3-dipoles can have either 
nitrogen or oxygen as the central atom. 	In addition, 
there are also a number of systems with no octet 
stabilisation which will not be discussed here as they 
3 
are not relevant to this thesis. 
1,3-Dipoles are best represented by resonance 
structures, for example (i)-(v) are the canonical forms 
for a nitrile ylide (Scheme One). 
R-C=N-CR2 	R-C:N-CR2 	R-ç:N:cR2 
(i ) 	 (ii) 	 (iii) 
I 
R-C-N:CR2 <- R-C:N-0R2  
(v) 	 (iv) 
Scheme 1,  
The all octet structures (i) and (iii) are the main 
contributors to the stability of these species but the 
term 1,3-dipole, which best describes their reacivity, is 
derived from canonical forms (ii) and (iv). 	The sextet 
structures, including the carbenic structure (v), give 
much less significant contributions than the octet 
structures. 
4 
Table One 1,3-Dipoles with octet stabilisation 
(only two of the contributing canonical forms are shown 
for each dipole) 
13-Dipoles of the propafq1/1ollens,4 type 
-CEN-0< 	Nitnle'1des 
Nitrile Jmes 
-c-O 	Oxides  
N=N- 0< N=1 -C< 	DGa('Ur 
4zides 
NitrcLsde 





:Y9 bT 	 Ozone 
0: 	Carbonyl Oxides 
Cycloadditions of 1,3-dipoles can be of two types, 
either winter-" or "intra-"molecular and will now be 
discussed in more detail under these headings. 
PI 
1.2) Intermolecular 1,3-Dipolar Cycloadditions 
The general features of mechanism and patterns of 
reactivities and selectivities in 1,3-dipolar 
cycloadditions were established experimentally as early 
as 1963 by Huisgen et al.4'5 	Common mechanistic 
features include; (i) the reactions are not markedly 
influenced as to rate or stereochemistry by solvent 
polarity, (ii) stereospecific cis addition producing 
5-membered rings in which the olefin sterochemistry is 
retained, (iii) the reactions show low enthalpies of 
activation and large negative entropies of activation, 
(consistent with a concerted mechanism) and, (iv) 
reaction rates are markedly increased by conjugation of 
the dipolarophile, but reduced by the steric effects of 
all types of dipolarophile substituent. 
The greatest area of debate on the mechanism of 
1,3-dipolar cycloadditions has been the alternative 







Huisgen's3'4 original proposal of a concerted [3 + 21 
mechanism involving a cyclic transition state but no 
discrete intermediate was later backed-up by the 
Woodward-Hoffinann6 rules which showed that this mechanism 
was allowed on the basis of conservation of orbital 
symmetry. 	A later proposal by Firestone7 involves a 
two-step mechanism in which the formation of a discrete 
spin paired diradical is the rate determining step. 	One 
major problem for this mechanism is the fact that the 
stereochemistry of the addition is cis but Firestone 
explained this in terms of ring-closure being 
energetically more favoured than bond rotation in the 
diradical. 	Firestone also suggested that the effects of 
conjugation and solvent polarity could best be explained 
by the diradical mechanism. 
Finally, Firestone suggested that the orientation 
could be predicted by considering "the best looking" of 
the four possible diradical intermediates (Scheme 3), 
taking into account steric, kinetic and a- bond energy 
factors. 	However, he did admit that the factors 
governing radical formation and stability were so poorly 
understood that few predictions could be made. 
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or 	
I 	 _ e—d 
Scheme 3 
The reply by Huisgen5, while acknowledging that 
orientation remained an unsolved problem, strongly 
defended the concerted mechanism on the basis of 
stereochemical, energetic and electronic grounds. 
Huisgen also asserted that the effects of conjugation and 
solvent polarity could be explained by synchronous, but 
not simultaneous, bond formation in the transition state. 
In 1972 Firestone8 again presented the diradical 
mechanism, his argument in this case being based entirely 
on the problem of orientation in 1,3-dipolar 
cycloaddit ions. 
Firestone first addressed himself to the predominant 
unidirectionality of orientation exhibited by most 
1,3-dipoles towards both electron-rich and electron-poor 
dipolarophiles which conflicted with the concerted 
mechanism but agreed with the diradical intermediate. 
This was based on the consideration of the 1,3-dipole and 
M. 
diradicals as Linnett structures9 since the more 
conventional Lewis structures did not take into account 
the stabilization of radical centres adjacent to 




The Linnett structures (1) and (2) have partial 
formal charge and the bond energy is the same for both 
structures. 	The more stable diradical will be that in 
which the more electronegative atom bears the formal 
negative charge. 	This will then be the most favoured 
diradical, and so orientation, irrespective of whether 
the dipolarophile (D) is electron donating or 
withdrawing, and hence the unidirectionality of the 
orientation regardless of the nature of the 
dipolarophile. 
The second factor favouring the diradical mechanism 
was steric, although previously this had been the 
foundation of orientation according to the concerted 
mechanism.3'4 	Thus, the regioselectivity of (3) over 
(4) of 72% had been rationalised as being due to steric 
interaction in the transition state. 
Ph 
Me 
However, when the phenyl ring was replaced by 
hydrogen'°, the regioselectivity of (3) over (4) 
increased to 84% instead of decreasing. 	Also 
replacement of the phenyl by the bulkier mesityl group 
inverted the regioselectivity to 28:72. 	These facts 
could not be accounted for by the concerted mechanism so 
Firestone concluded that the weight of evidence favoured 
the diradical mechanism. 
In 1973 however, Houk and co-workers'1"2 developed 
a new and powerful method which rationalised substituent 
effects on rates, regioselectivity and periselectivity of 
concerted 1,3-dipolar cycloadditions. 	This was based on 
perturbation theory and utilised relative energies and 
coefficients of the frontier orbitals of the interacting 
1,3-dipoles and dipolarophiles which were calculated by 
CNDO/2. 	The calculated orbital energies were then 
adjusted with the help of known ionisation potentials, 
electron affinities and 7r7r* 	transitions in 
alkenes. 	Fukui13 had earlier postulated that the 
reactions take place in the direction of maximum frontier 
orbital overlap, i.e. between the highest occupied (HO) 
and lowest unoccupied (LU) orbitals. 	Therefore, in 
concerted cycloadditions the favoured orientation will be 
that in which the centres whose frontier orbitals have 
10 
the largest co-efficients interact. 
For formonitrile methylide (16) the absolute values 
for the frontier orbital coefficients (STO-3G) were as 
follows14: - 
H 	+ - 	
HO 	 LU 
(16) 	 'C 	N 	C' 	'C 	N 
083 Q21 0.53 0.38 075 0.76 
It can be seen from these calculations that the two 
termini have different orbital coefficients (as do the 
termini of unsymmetrical dipolarophiles d-e), the HOMO 
being heavily localised on the methine terminus. 	The 
sizes of these coefficients may be represented 
pictorially as lobes. 	Thus, when 1,3-dipolar 
cycloaddition occurs, two possible transition states, (5) 
and (6), may be envisaged (Figure 4) depending upon the 
relative orientation of the dipole and dipolarophile. 
The preferred transition state will always be that which 
results in the union of the two centres of highest 
frontier orbital density and the union of the two centres 




Since the relative energies and orbital coefficients 
of the HO and LU orbitals are strongly affected by the 
substituents, and are the chief factors in determining 
the mode of regioselectivity and rates of reaction, Houk 
was able to achieve a complete rationalisation of the 
observed results in terms of substituent effects. 	A 
cycloaddition controlled by a strong interaction (5) 
would also lead to unequal extents of bond formation in 
the transition state, bond a-d being more fully developed 
than bond c-e. 	Huisgen15 has used this molecular 
orbital perturbation treatment as extra support for the 
concerted mechanism. 
Firestone, however, retains his convictions and he 
has argued16 that perturbation molecular orbital theory 
bases its predictions on ground state interactions 
between reactants and maintains that calculations of 
ground state orbitals are meaningless when the transition 
12 
state lies more than 30-70 KJ/mole above the ground state 
in energy. 	It seems, at the moment, that the concerted 
mechanism is the more likely for 1,3 dipolar 
cycloaddition. 
Despite the continuing controversy the usefulness of 
1,3-dipolar cycloadditions to form five-membered 
heterocycles is unquestionable. 	Numerous papers and 
reviews have dealt with 1,3-dipolar cycloadditions to 
alkenes3, alkynes17 and other double-bonded functional 
groups'8. 
1.3) 	intramolecular 1,3-Dipolar Cycloadditions 
Despite the extensive literature dealing with 
bimolecular 1,3-dipolar cycloadditions, intramolecular 
examples have only recently started to receive more 
widespread attention. 
In an intramolecular cycloaddition reaction, both 
the dipole and the dipolarophile are contained in the 
same molecule. 	The cyclisation occurs via a [3 + 2 - 51 
mechanism to form a fused five-membered ring heterocycle. 




~d e) 	a— 
The first example of an intramolecular 1,3-dipolar 
cycloaddition was reported by LeBel and Whang19 in 
1959. 	The nitrone (7), prepared from either oxidation 





condensation of an unsaturated aldehyde (9) with 
N-methylhydroxylamine gave a fused bicyclic isoxazolidine 
(10). 
HO >N-•(CH2)47CHCH2 	CH 2 CH(CH 2)3CHO 
Two reviews20'2' on intramolecular cycloaddition 
reactions have been published and numerous papers have 
reported the use of this reaction in the synthesis of 
natural products22'23. 	Nitrones, diazoalkanes, azides, 
azomethine imines, nitrile imines, nitrile ylides, 
carbonyl oxides and nitrile oxides have all been shown to 
undergo intramolecular cycloaddition20. 
1.4) Electrocyclic Reactions 
Another possible intramolecular mode of reaction for 
1,3-dipoles is an electrocyclic reaction24. 	in this 
case, the 1,3-dipole must be in conjugation with the 
14 
dipolarophile. 	An electrocyclic reaction is defined25  
as one in which an unsaturated system undergoes a ring 
closure in a process that can be regarded as a cyclic 
electron shift, the net result being the conversion of a 
r bond into a or bond. 	In principle this is a 
reversible process and cyclic systems can open by 
electrocyclic ring opening to give polyenes (Figure 5), 
this process taking place via the same energy profile as 
the ring closure. 
ffjgre5 
Electrocyclisation reactions can occur in both 
neutral and charged species of various ring sizes25'26. 
Electrocyclic processes belong to the class of one-step 
pericyclic reactions which conform to the principle of 
conservation of orbital symmetry. 	The steric course of 
these processes can be predicted by inspection of the 
symmetry of the HO (highest occupied) molecular orbital. 
1,3-Dipolar electrocyclic reactions fall into three 
main classes; 1,3-retro-electrocyclisation (47r), 1,5-
electrocyclisation (67r) and 1,7-electrocyclisations 
(8 'r). 
1,3-Retro-electrocyclisations are of great use in 
the generation of 1,3-dipoles, especially nitrile ylides 
(see later), azomethine ylides by the thermolysis of 
aziridines28'29, azomethine imines by the thermolysis of 
15 
diaziridines30131 and carbonyl ylides by the thermolysis 
or photolysis of oxiranes32'34 (Figure 6). 
3 
.Ejre6 
1,3-Dipoles of both the propargyl-allenyl and allyl 
type when conjugated with a double bond are capable of 
1,5-electrocyclisation (67r) to form charge free 
five-membered rings, for example, 5-alkyl- or 
5-aryltetrazoles (11) react with diarylimidoyl chlorides 
in pyridine to afford 1,3,4-triazoles (14) in high 
yields35. 	This reaction proceeds via the intermediate 
16 
tetrazoles (12) which lose nitrogen to give iminonitrile 
imines (13), the 1,5-electrocyclisation of which gives 
the observed 1,3,4-triazoles (14). 
Cl 










The conjugated double bond in these systems has 
included C = C, C = 0, C = N and C = S. 
1,5-Electrocyclisations of 1,3-dipoles has been used with 
great success in the synthesis of many monocyclic and 
fused unsaturated, aromatic and heteroarornatic ring 
systems and has been the subject of major reviews26r27. 
The 1,7-electrocyclisation of 1,3-dipoles will be 
treated in greater detail in a later chapter of this 
thesis. 
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2) NITRILE YLIDES 
2.1) Structure 








Nitrile ylides belong to the class of 1,3-dipoles 
known as nitrilium betaines; they have a central 
nitrogen atom and an orthogonal double bond. 	They are 
the least stable of the classes of nitrilium betaines and 
are not normally isolable although transient red colours 
due to their presence can be seen in reactions carried 
out at room temperature. 	The nitrile ylide (24) has 
been isolated in a matrix at -185°C and its u.v. spectrum 
obtained43. 
As mentioned previously, the existence of a 7r-bond 
in the plane perpendicular to the allyl anion usually 
makes 1,3-dipoles of the propargyl-allenyl type linear 
and, in 1963 Huisgen4 suggested that nitrile ylides would 
have a preferred linear and planar conformation (15) as 
this would maximise the allyl resonance and also give 
maximum overlap for the orthogonal double bond. 	He also 
stated that the bent geometric form (16) would be of 
lesser importance. 
However, MO calculations11'12 based upon this fixed 
18 
linear geometry showed the HO molecular orbital of 
nitrile ylides (17) to be heavily localised on the 
methylene terminus. 	Predictions based upon this model 
always led to the opposite regioisomer to that obtained 
experimentally. 
Fccrnonitrile meth4ide HOMO 
from CNDO/2 cabjons. 
Houk12 concluded that these calculations must 
therefore be wrong and did further MO calculations with 
geometry optimisation. 	These ab initio calculations 
indicate that the geometry of the nitrile ylide is 
appreciably different to that suggested by Huisgen. 
Salem36 also concluded that the lowest energy ground 
state geometry of the nitrile ylide has a HCN angle of 
156.70 and is -18Kcal/mol more stable than the linear 
form. 
Houk's14 revised (STO-3G) calculations showed that 
the bent nitrile ylide geometry (16) is favoured over the 
planar geometry. 	Therefore, this species resembles a 





Houk's calculations show that the bent nitrile ylide 
HOMO (Figure 7) is now heavily localised at the methine 
(c-i) terminus, but still resembles the normal three-
orbital, four 7r electron system in other 1,3-dipoles. 
.94 .54 14 
G  ---G @ 3	 SUJVO- 
P643 	 LLEIO 
.38.75.76 
("43 
.83 21 .53 
	
HOMO 
Ece7. Frontier mocubr orbitals of formonitrile 
me4de (16). (Fiqjres repceserk the absclute values 
of the coefficients at each a.) 
The large HOMO coefficient at the methine terminus (C-l) 
is compatible with protonation at this carbon37. 	This 
refined model enables rationalisation of the bimolecular 
nitrile ylide cycloadditions, as well as all the other 
known reactions of nitrile ylides. 
20 
Houk also rationalised the destabilisation of the 
linear geometry in terms of greater negative charge being 
placed on the methylene terminus than in the bent form. 
Placing electron withdrawing groups on this C-3 position 
will help stabilise the linear form, for example, 
bis(trifluoromethyl)benzonitrile ylide is protonated at 
C-3 and adds to electron deficient alkenes to give the 
opposite regioisomer to simple nitrile ylides38. 	Thus, 
electron acceptors at C-3 stabilise the linear species 
relative to the bent form and electron donors favour the 
bent allenyl form. 	1-Aryl and 3-alkyl or aryl 
substituted nitrile ylides were also calculated to prefer 
the bent form. 
2.2) Synthesis of Nitrile Ylides 
The original method of Huisgen2'39 involved 
treatment of an imidoyl chloride with an a-hydrogen, with 
base. 	This method produces a deep violet solution which 
contains the nitrile ylide. 	The nitrile ylide cannot be 
isolated but its presence can be confirmed by doing the 
1,3-dehydrochiorination in the presence of a suitable 
dipolarophile. 	In this manner Huisgen managed to 
prepare benzonitrilio -nitrophenylmethanide (19) from 
the corresponding imidoyl chloride (18). 
21 
Et3N 
N- CH2-C6H4-NO2p 0-20°C 







Burger40 used this method to generate benzonitrilio-
hexafluoro-2-propanides (21) from the corresponding 
imidoyl chlorides (20). 





This method of generation of nitrile ylides is of 
greatest use when the corresponding N-monoalkylated 
carboxamide (Scheme 8) is readily available since the 
imidoyl chloride (22) can then be easily prepared by 
treatment with thionyl chloride, phosphorus pentachloride 
or phosgene41. 
SOCl2  PC 15 or 
RNHCQAr 	 R-N=C.. 




The most thoroughly investigated method of generation of 
nitrile ylides is via photolysis of 2H-azirines42. 	For 
example, irradiation of the 2H-azirine (23), in a rigid 
matrix at -185°C, gave the nitrile ylide (24) which was 
observed as an ultraviolet absorption (ca. 350nm). 	This 
absorption decreased on warming to -160°C in the presence 
of methyl trifluoroacetate indicating that a [3 + 2 - 51 
cycloadduct (25) had formed from the initially generated 
nitrile ylide (24) (Scheme 9). 
It was proved that the nitrile ylide can react with 
the starting 2H-azirine to give the bicyclic compound 
(26), which rearranges to the zwitterion (27) which can 
then ring open to (28). 	It was also proved that the 
nitrile ylide (24) can undergo head-to-head dimerisation 
to give (28) directly which can then undergo 
electrocyclic ring closure and subsequent oxidation to 
the pyrazine (29) (Scheme 9). 
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OMe 
Ph< hv PhC)HPhCF3002Me 	
-CF3 
(23) 	 (2 
2/3 	 \24 	
(25) 
HP- 
Ph 	 Ph 	CHPh Ph 
' i9h 
Fh 	 Ph 	 Ph 
(26) 	 (27) 	 (28) 
Substituted 2H'-azirines can be readily prepared in 
large quantities by photolysis of vinyl azides44 or by 
the modified Neber reaction45. 
A number of other methods have also been employed to 
generate nitrile ylides (30), including; (i) thermal or 
photochemical elimination of a phosphoric acid ester from 
4,5-dihydro-1,3,5-oxaphospholes (31)40,46, (ii) 
1,3-dipolar cycloreversion of 1-azetidines (32)38, and 
thermal extrusion of carbon dioxide from 
3-oxazolin-5-ones (33)47 (Scheme 10). 
24 
Ph' Ph 	0 
NP(CMe)3  
F3C-'CF3 	 f2 
(31) \v (33) 
(-0O2) //"'  
Ph- OJ- 0R1R2  
(30) 
H11 N C 




2.3) Reactions of Nitrile Ylides 
2.3.1) 	Intermolecular Reactions of Nitrile Ylides 
Nitrile ylides undergo normal 1,3-dipolar reactions 
such as dimerisation42'43 (Scheme 9) and normal 
1,3-dipolar cycloadditions to multiple bonds to form five 
-membered heterocycles. 	Since the discovery of nitrile 
ylides by Huisgen2 a large number of their cycloaddition 
reactions have been reported. 	The regioselectivities in 
these reactions can be adequately explained by frontier 
molecular orbital theory. 
With all dipolarophiles, except the very electron 
rich, nitrile ylide reactions are HOMO controlled 
25 
according to Sustmann's classification48. 	That is, the 
interaction of the dipole HOMO with the dipolarophile 










Type  WO controlled) 	 Type(LU controlled) 
jre1l. Sustmann cbssification of 13-dipobr oj0ocddftbrs48. 
Therefore, substituents which raise the dipole HO 
energy (electron donating or conjugated) or lower the 
dipolarophile LU energy (conjugated or electron 
withdrawing) will accelerate nitrile ylide 
cycloaddit ions. 
Increasing the dipolarophile LU energy is expected 
to suppress nitrile ylide reactivity in [2 + 31 
cycloadditions, as is the case in reactions with electron 
rich dipolarophiles. 
Also, in conjugated and electron deficient alkenes/ 
alkynes the larger coefficient is at the unsubstituted 
P-HC5H4NO2- 	CHf-CO2Me 






b; RfH,R= CO2M 
W. 
carbon atom so that in cycloaddition reactions the 
methine terminus (C-i) becomes joined to this position. 
For example,2'39 nitrile yiide (19) can be trapped with 
methyl acrylate to give two diastereoisomeric-
1-pyrrolines (34,a,b), which can be readily aromatised to 
pyrrole (35) by chloranil49. 
(35) 
Nitrile ylides have also been reported to undergo 
1,3-dipolar cycloadditions with C=S, C=N, C=O and 
cumulated double bonds18, as well as with carbon-carbon 
triple bonds to give pyrroles directly.39'42'49  
Reactions of nitrile ylides with Z and E alkenes 
have shown that the addition is stereospecific, thus 
confirming a concerted formation of both new 
bonds47'50. 	For example, photolysis of 
2,3-diphenylazirine (36) gave the nitrile ylide (37) 
which reacted with dimethyl fumarate to give only two 
pyrrolines (38, 39)50 
27 
'Ph 	




PhNrN\ Jl  PhNT: N 	I  
Me O2C—)-P + H-/1h 
H 	MeO2C COMe 
The mechanism of the 1,3-dipolar cycloadditions of 
nitrile ylides has been proposed to proceed via a 
"two-planetm orientation complex in which the dipole and 





During the activation process the "linear" bond 
system of the nitrile ylide (40) must bend in order to 
place the termini in contact with the 7 bond system of 
the dipolarophile. 	This involves disruption of the 
orthogonal 7r bond but leaves the allyl anion 7r system 
undisturbed. 	The loss of 7T bond energy is partly 
compensated by a gain in energy resulting from 
rehybridisation and accommodation of a lone pair of 
electrons in an orbital of high S character. 
2.3.2) 	Intramolecular Reactions of Nitrile Ylides 
The intramolecular reactions of nitrile ylides will 
be discussed here under two headings, the intramolecular 
cycloadditions of nitrile ylides and the 
1,5-electrocyclisations of nitrile ylides. 	The 
1,7-electrocyclisation reactions of nitrile ylides will 
be discussed in a later chapter. 
Intramolecular Cycloadditions of Nitrile Ylides 
As mentioned previously 1,3-dipolar cycloadditions 
proceed via a "two-plane" orientation complex in which 
the dipole and dipolarophile approach each other in 
parallel planes. 	Intramolecular cycloadditions in which 
the two addends can attain this geometry will lead to 
fused five-membered heterocycles. 	For example, 
irradiation of the azirine (41) gives 	X1-pyrroline (42) 
in quantitative yield51. 	In this case the methylene 
chain is sufficiently long to allow the dipole and 













If, however, this geometry is not possible then a 
different mode of reaction is observed. 
Houkts revised calculations14 have shown that, for 
the bent nitrile ylide geometry, the HOMO and SLtJMO 
(Figure 7) have a strong resemblance to the HOMO and LUMO 
of a singlet carbene and since carbenes undergo reactions 
readily with double bonds, a 1,1-cycloaddition of nitrile 
ylides can be expected. 	This reaction was first 
observed by Padwa and Carlsen52. 	When a deaerated 
solution of 2-allyl-2-methyl-3-phenyl--2H--azirine (43) was 
irradiated in cyclohexane with light of wavelength 
>280nm an extremely rapid and clean conversion to 
3-methyl-1-phenyl-2-azabicyclo[3.1.0]hex--2--ene (44) was 

















The intermediacy of a nitrile ylide (45) in this 
process has been proven by trapping with a reactive 
dipolarophile. 	For example, when dimethyl 
acetylenedicarboxylate was used, the formation of the 
bicyclohexene (44) was completely suppressed and only the 
cycloadduct (46) was isolated. 
Another interesting aspect of the photocyclisation 
of 2-allyl substituted 2H-azirines was uncovered during a 
study of the photochemistry of (E)-2-(2-butenyl)-2- 
rnethyl-3-phenyl-2H-azirine (47). 	Irradiation of (47) in 
cyclohexane gave only one product (>95%) which was 
identified as endo-3,6-dimethyl-1-phenyl-2-azabicyclo- 
CH3  
Ph 
CHI rJ3 Ph- 	hv 
C H J H 3 










	The formation of the 
thermodynamically less favoured endo isomer corresponds 
to a complete inversion of stereochemistry about the 7 
system in the cycloaddition process. 	Photolysis of the 
Z isomer also gave (49) and it was shown that no 
isomerisation of the azirines (47,48) occurred during 
photolysis. 	Irradiation of 2-(1-methyallyl)-3-methyl- 
2-phenyl-21-azirine (50) also gave (49) as the only 
product. 	The endo isomer (49) epimerised slowly to the 
exo isomer (54) on standing at room temperature. 
The mechanism proposed to account for these results 
involves the ring opening of the azirine (47) to generate 
a bent nitrile ylide intermediate (carbene-like) (51). 
Attack of this carbene on the terminus of the double bond 
generates the tr.imethylene intermediate (53) which can 
then collapse to the azabicyclohexene (49). 	This 
intermediate collapses to the thermodynamically less 
favoured product (49) because a severe torsional barrier 
results during ring closure to the thermodynamically more 
stable product (54), whereas collapse to (49) moves the 
methyl and phenyl further apart. 	Photolysis of azirine 
(50) results in the same product (49) formed by ring 
collapse of the common intermediate (53). 
In another example of the 1,1-cycloaddition of 
nitrile ylides Padwa and co-workers53 found that the 
1,1-cycloaddition of the nitrile ylide (55) led to a 
mixture of the exo/endo bicyclohexanes (57). 	The major 
product in this case is the thermodynamically more 
favourable isomer. 	This is due to the fact that the 
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eclipsing interaction, which favoured the endo isomer in 
the previous example, is not present in this case and so, 
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(57) 
exo : encb 
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The 1,1-cycloadditioris mentioned so far, which are a 
direct consequence of the reactants not being able to 
achieve a parallel-planes orientation complex, have thus 
been postulated to occur in a non-concerted manner. 
This mechanism bears a strong resemblance to the stepwise 
diradical mechanism proposed for 1,3-dipolar 
cycloadditions by Firestone.7'8  
In these 1,1-cycloadditions the alkene is 
constrained to attack perpendicular to the CNC plane of 
the ylide. 	This mechanism is consistent with Houk's14  
calculations (Figure 7), which show that the second LUMO 
is low-lying, perpendicular to the CNC plane and presents 
a large vacancy at C-i for attack by the more 
nucleophilic terminus of an alkene, without the 
possibility of simultaneous bonding at C-3. 
However, Fischer and Steglich54 have prepared the 
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nitrile ylide (59) via the thermally induced 1,3-dipolar 
cycloreversion of 3-oxazolinone (58), with elimination of 
carbon dioxide. 	This nitrile ylide undergoes 
1,1-cycloaddition to give the 2-azabicyclo[3.1.0]hexene 
(60a) with complete retention of configuration. 	Also 
photolysis of the 2-azabicyclo[3.1.0]hexene (60a) gives 
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They have argued that this evidence suggests a 
synchronous rather than stepwise mechanism and that the 
epimerisations and isomerisations observed in the 
photolysis of azirines are due to photochemical secondary 
reactions. 
Sharp55 also found that the nitrile ylides (62), 
generated by dehydrochiorination of the corresponding 
imidoyl chloride (61), underwent 1,1-cycloaddition with 
complete retention of stereochemistry, to give the 
corresponding cycloprop[cjisoquinolines (63). 
34 
(61) 
H 2 N: CPh 
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A number of other examples have shown the generality 
of the 1,1-trapping of nitrile ylides53i56. 	For 
example, treatment of the o-allyl substituted imidoyl 
chloride (64) with triethylamine gave the 
benzobicyclo[3.1.0]hex-2-ene (65). 
H 4NO2 






The mode of intramolecular reaction of nitrile 
ylides is strongly dependent upon whether the parallel 
planes geometry is attainable, but it is also dependant 
upon the substituents present42,56 
Thus, (66; R = Me) reacts cleanly via a 
09 
1,1-cycloaddition but the presence of an electron 
withdrawing group on the double bond (66; R = CO2Me) 
lowers the dipolarophile LUMO energy, thus making 
1,3-cycloadditiori more favourable than 1,1-cycloaddition 




R=C H 3 
	 R:COH3 
(66) 	0~ 
The substituents present on the nitrile ylide also 
affect the mode of cycloaddition57. 	If the substituents 
on C-3 of the nitrile ylide are electron donating, i.e. 
alkyl, then these will destabilise the linear form of the 
nitrile ylide and so, force the nitrile ylide to bend. 
This bending results in C-1 of the nitrile ylide becoming 
carbene-like and so, increases the electrophilicity of 
C-l. 	Bending also decreases the possibility of 
1,3-dipolar cycloaddition since the parallel planes 
geometry becomes unattainable. 
These factors lead to only 1,1-cycloaddition being 
observed for the dimethylated nitrile ylide (68; R1 = R2 
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= Me), whereas the dihydro example (68; R1 = R2 = H) 
reacts only via 1,3-cycloaddition. 	In the 
monomethylated case (68; R1 = H, R2 = Me) both 1,1- and 
1,3-cycloaddition is observed (Scheme 14). 
H3C.CH3  
R1 1 R2:CH3 




Thus when the nitrile ylide is linear 1,3-dipolar 
cycloaddition is favoured, but upon bending, 
1,1-cycloaddition increases in importance. 
1,5 Electrocyclisations of Nitrile Ylides 
Conjugated nitrile ylides of the type (69) are 
related to the pentadienyl anion system which is known to 
undergo disrotatory electrocyclisation to give the 
cyclopentenyl anion. 	Accordingly, electrocyclisation of 
(69) may be expected to occur and to produce species of 
the type (70). 	1,5-electrocyclisation of nitrile ylides 
has been reviewed in two major reviews on 1,3-dipole 
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electrocyclisations26  ,27•  
Rt,OR2 
() 
XCHR"NR5 or  
In 1966 Ullman and Singh58'59 observed the 
photochemically induced ring contraction of 
3,5-diphenylisoxazole (71) to 2-phenyl-3-benzoyl-1- 
azirine (73). 	This azirine undergoes a photochemical 
valence isomerism which is dependant upon the wavelength 
0 
of light used; with 3340 A light (73) gives the 
vinylnitrene (72) which subsequently rearranges to the 
isoxazole (71) whereas, with shorter wavelength light c-c 
bond cleavage occurs to give the carbonylnitrile ylide 
(74) which undergoes 1,5-dipolar electrocyclisation to 
give the oxazole (75) (Scheme 15). 
3340 	(73) 0 
0 
11 	 Ph-C OH 
N:,,C-A \c -O 





(71) 	 (75) 
Scheme 15 
Numerous other examples of photochemical 
transformation of isoxazoles into oxazoles, via nitrile 
ylides, are known and these have been reviewed27'42. 	It 
is also known that thermolysis of azirines leads to 
vinylnitrenes, and not nitrile ylides, as intermediates. 
Attempts to trap carbonylnitrile ylides with 
reactive dipolarophiles have met with failure in all but 
two exceptional cases60'61, presumably because of the 
ease with which they undergo electrocylic processes. 
However, when the imidoyl chloride (76) is treated 
with diazabicyclononane, the carbonylnitrile ylide (77) 
is formed which can subsequently be intercepted by 
various dipolarophiles60. 	In this case the 
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1,5-electrocyclisation, to (78), is not observed, 
probably as a result of the strain developed in the 
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Iminonitrile ylides are also readily accessible from 
substituted azirine systems and these also undergo 1,5- 
electrocyclisations27'62. 	For example, condensation of 
amines with 2-phenyl-3-formyl-1-azirine (79) leads to the 
imines (80). 	Photolysis of these imines results in C-C 
bond cleavage to give the iminonitrile ylides (81) which 
undergo 1,5-electrocyclisation to imidazoles (82) in good 
yield. 	The thermal reactivity of the imines (80) also 














The most intensely studied area of nitrile ylide 
1,5-electrocyclisation is that involving vinylnitrile 
ylides which can be generated either photochemically or 
by dehydrochlorination and undergo 1,5-electrocyclisation 
to pyrroles. 	For example, treatment of the imidoyl 
chloride (83) with base affords the vinylnitrile ylide 
(84) which undergoes 1,5-electrocyclisation to the 
pyrrole (85)63. 
4]- 
1 	- RC-=N-CH 2 1 7 NCH1CHR3____ Y1 
CHR3  





An interesting competition between 1,5-electro-
cyclisation to carbon or to oxygen has been observed in 
nitrile ylides of the type (87)64. 	These nitrile ylides 
were generated by photolysis of the corresponding azirine 
(86) and 1,5-electrocyclisation to oxygen only was 
observed, giving oxazoles (88) rather than pyrroles (89) 
(Scheme 17). 
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Finally, although it is possible only in exceptional 
circumstances to trap carbonylnitrile ylides with 
external dipolarophiles, vinylnitrile ylides can be 
intercepted with a variety of dipolarophiles, to the 
exclusion of 1,5-electrocyclisations. 	For example, when 
1-azirine (90) is irradiated in the presence of methyl 
acrylate, no 1,5-electrocyclisation occurs, rather, the 
nitrile ylide (91) undergoes [3 + 21 cycloaddition to 













3) 1,7-DIPOLAR ELECTROCYCLISATIONS 
1,3-Dipoles with a,f3 ;y , -conjugation are 
isoelectronic with the heptatrienyl anion (93) and so 
would be expected to undergo a 1,7-electrocylisation (8 
7t electron process) analogous to the 
heptatrienyl-cycloheptadienyl anion rearrangement66  
(Scheme 18). 




Examination of the HOMO of the heptatrienyl anion 
(94), 	, shows that this ring-closure must proceed in a 
conrotatory manner. 
(91,) 
1,7-Electrocyclisations are the least well studied 
of the 1,3-dipolar electrocyclic processes and, at 
present, only four 1,3-dipole systems are known to react 
in this manner. 	Each of these 1,3-dipoles and their 
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1,7-electrocyclisations will now be covered in some 
detail. 
3.1) Nitrile Ylides 
padwa and co-workers65 managed to prepare (Z)-3-
phenyl-2-styryl-2H-azirine (95) and found that 
irradiation of this (Z)-azirine in benzene gave rise to 
one major product (80%), which was identified as 
1-phenyl-3H-2-benzazepine (97). 	The formation of this 
product can be explained in terms of a 1,7-electro-
cyclisation of the nitrile ylide (96), followed by a 
[1,51 sigmatropic hydrogen shift (Scheme 19). 
hV 	 8rr 
H$) 
(95) 	 (96) 
hy 	PbOH 	 [1,51-H shift i 
OCH3  






R-C-O+ PCH: CH- CH0 
Schemel9 
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Photolysis of the corresponding (E)-azirine (98), 
for which 1,7-electrocyclisation is geometrically 
impossible, proceeded via a 1,5-electrocyclisation to 
give 2,3-diphenylpyrrole (99) as the major product. 	The 
pyrrole (99) was also formed in low yield (Ca. 4%) in the 





(98) 	 ()H 
The formation of the benzazepine (97) was 
rationalised in terms of cyclisation via a seven-membered 
transition state being easier than via the five-membered 
transition state required for 1,5-electrocyclisation. 
Azepines were also formed during the photolysis of 
the corresponding naphthylvinyl-substituted azirines. 
The intermediacy of a nitrile ylide in these processes 
was shown by carrying out the photolysis of azirine (95) 
in methanol. 	In this case the formation of benzazepine 
(97) was almost entirely suppressed and the major product 
was the benzalimine (100), which was hydrolysed to 
benzaldehyde and cinnamaldehyde upon treatment with 
aqueous acid. 
Photolysis of the bicyclic isoxazoline (101) is 
believed to involve the intermedicacy of the (Z)-azirine 
(102)67. 	This species could not be isolated but reacts 
further to give the riitrile ylide (103). 	The 




1,7-electrocyclisation of this nitrile ylide (103) leads 
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Thermolysis of the closely related (Z)-azirine 
(106)68, prepared from 5-azidopyran (105, X = 0) when 
allowed to stand at room temperature, also gave the 
	
1,3-oxazepine (108). 	Although thermolysis of azirines 
is known to produce vinyl nitrenes (109) the intermediacy 
of a nitrile ylide (107) was postulated in this case 
because, owing to restricted rotation about the C2 - C3 
bond of the initially formed vinyl nitrene (109), the 
conformation required for ring closure is inaccessible 
(Scheme 20). 
A nitrile ylide intermediate has also been 
postulated for the thermolysis of the corresponding 
thiapyrans (105, X = S)68. 
Bellamy69 has suggested that the oxazepine (108) is 
formed via an intramolecular attack of the carbonyl group 

















on the azirine ring in a concerted (a) or stepwise (b) 
manner (Scheme 21). 
Thermolysis of 2-oxazolin-5-one (110) and 
3-oxazolin-5-one (113)70 gives rise to the vinylnitrile 
ylides (111) and (114) which, by analogy with (103), 
would be expected to undergo 1,7-electrocyclisation to 
the corresponding 1,3-oxazepines. 	However, only 1,5- 
electrocyclisation, to the pyrroles (112) and (115) was 
observed (Scheme 22). 	This suggests either that nitrile 
ylide (103) is not an intermediate in the formation of 
(104) or that the nitrile ylide (103) is formed in an 
excited state. 
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Finally, thermal elimination of carbon dioxide from 
2-(2-nitrophenyl)-3-oxazolin-5-one (116)71 gives rise to 
the nitrile ylide (117). 	1,7-Electrocyclisation of this 














intermediate (118) and ring closure of the 2-nitroso-
benzaldehyde imine (119) thus formed, offers an 
explanation for the production of the 1-acyloxyindazole 
(121) (Scheme 23). 
3.2) Nitrile Imines 
The formation of the 1,2-benzodiazepines (128) from 
nitrile imines with cii', /3 ; y,8 - conjugation (123) can 
be thought of as a 1,7-electrocyclisation72'73'74. 
These diazepines (128) are obtained when the 
corresponding hydrazonyl chloride (122) is treated with 
triethylamine in benzene at 800 and when one of the 
terminal groups of the alkene is hydrogen. 	The 
formation of these benzodiazepines (128) is analogous to 
that of the benzazepines (97) mentioned previously and 
involves a 1,7-electrocyclisation followed by a [1,5] 
sigmatropic hydrogen shift. 	However, when this reaction 
was carried out at room temperature in the presence of 
silver carbonate the only product obtained was the 
cyclopropa[c]cinnoline (125), which is formally the 
product of 1,1-cycloaddition of the nitrile imine (124) 
to the double bond. 	The cyclopropa[c]cinnoline (125) 
could be converted to the 1,2-benzodiazepine (128) by 
heating, provided that R' or R = H (Scheme 24). 
The formation of the cyclopropa[c]cinnoline (125) is 
entirely sterospecific72, the (E)- and (Z)-starting 
nitrile imines (122, R = H, R1 = CH3) and (122, R = CH3, 
R' = H) giving only the exo and endo products 
respectively. 
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This isolation of the cyclopropa[c]cinnolines (125) 
in the room temperature reaction and their subsequent 
rearrangement to 1,2-benzodiazepines (128) would seem to 
preclude a mechanism involving 1,7- electrocyclisation. 
It has been shown that a nitrile imine (123) is involved 
in this process since (123) can be trapped with reactive 
dipolarophiles, giving the [3+2] cycloadduct, to the 
complete exclusion of the intramolecular reaction72. 
Also the intermediates (127) can be trapped by external 
nucleophiles giving species of the type (129). 
0  
t}CO2 
Nu f 	N&j:CN,N3,QC 
(129) 
Thus, at present, there is a debate between the two 
possible mechanisms. 	On one hand there is the 
1,1-cycloaddition analogous to that for nitrile ylides 
mentioned earlier, and on the other a 1,7-electro- 
cyclisation to give (127). 	The stepwise mechanism, 
involving attack of the electron-rich double-bond on the 
electron-deficient carbene in the nitrile imine (124) 
generating a seven-membered ring dipole consisting of a 
benzylic carbonium ion and an azaallyl anion is 
mechanistically equivalent to 1,7-electrocyclisation 
since (126) is a canonical form of (127). 	Collapse of 
this intermediate (126)/(127) can be viewed as a 
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disrotatory 1,6-electrocyclisation process and if this is 
fast compared to ring inversion then the cyclopropa[c]-
cinnoline (125) will be formed with retention of 
stereochemistry. 
3.3) Diazoalkanes 
Diazoalkanes with c ,i3; J) , -conjugation have been 
observed to undergo 1,5- and 1,7-electrocyclisatioris; the 
activation energies for these processes being not very 
different. 	The periselectivity in these systems is 
dramatically affected by the presence of an aromatic 
double bond in the conjugated system and also by the 
substituents on the terminus of the double bond. 	For 
example75, the diazo compound (130), with olefinic double 
bonds in thea,/3 - and p,b -positions, undergoes 
1,7-electrocyclisation followed by a [1,5] sigmatropic 
hydrogen shift to give the 3H-1,2--diazepine (131) when R1  
= H, but undergoes a 1,5-electrocyclisation followed by 
successive [1,5]-vinyl and hydrogen migrations to give 







+ Ph-- 	UH 3  
(133) 
When there is an aromatic double bond in the 	, 
/3-position (134) once again 1,7-electrocyclisation, 
followed by a [1,5] hydrogen shift is observed when there 
is a cis-hydrogen whereas, when there is no cis- hydrogen 
(137), the diazo compound loses nitrogen and reacts via a 
carbene form (138), no 1,5- or 1,7-electrocyclisation 












This is in direct contrast to the reaction of 
nitrile imines (123), to give 1,2-benzodiazepines (128), 
where the hydrogen on the alkene terminus may be either 
cis or trans so, we may assume that these reactions of 
diazo compounds are indeed 1,7-electrocyclisations and do 
not proceed via 1,1-cycloaddition followed by 
electrocyclic ring opening, as may be the case for the 
nitrile imines (123). 
It can also be seen that steric hindrance alone is 
preventing 1,7-electrocyclisation of (137) since no 
formation of the common intermediate (135) can occur 
otherwise, 1H-2,3-benzodiazepine (136) would be 
obtained. 	To account for these experimental 
observations Sharp7577 has postulated that 1,7-
electrocyclisation proceeds via a helical transition 
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state (139) which has an easily accessible geometry which 
brings the terminal atoms into a bonding overlap and 
requires only the minimum angular distortion of the diazo 
group from its preferred linear geometry. 	This 
transition state has the nodal properties of ç1 of a 




In this transition state the steric interaction 
in (139)] between the cis hydrogen atom and 	of the 
diazo group is small and will not impede the approach of 
the terminal atoms. 	However, a methyl group at this 
position comes into a significant steric interaction with 
N . 	This will raise the activation energy for 
1,7-electrocyclisation either by inhibiting orbital 
overlap between the terminal atoms or by twisting the 
p ,-double bond out of conjugation. 	The propensity for 
1,7- as oppposed to 1,5-electrocyclisation in the diazo 
compound (130) can readily be explained in terms of the 
high degree of bending of the diazo group required in the 
transition state for 1,5-electrocyclisatiori. 
Calculations have shown that there is a large energy 
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barrier to in-plane bending for diazoalkanes11. 
The a, /3-double bond in diazo compounds of the type 
(134) may also be part of a heterocyclic ring78, for 
example, the 2,3 bond of thiophene (Scheme 27), but not 
the 3,4 bond which does not have sufficient double bond 
character to allow an electrocyclisation process to 
occur. 
H 
G-N CS\a  
Scheme 27 
When the a,/3 bond is olefinic and the ', is 
aromatic then 1,5- or 1,7-electrocyclisation can be 
observed79'80, depending upon the substituents present on 
the a, /3 bond. 	In the simple acyclic case the diazo 
compound (140) reacted to give pyrazoles (141) 
exclusively. 
I 
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Fusion of a cyclohexyl ring at C2-C3 (142, n = 2) 
also led to the formation of pyrazoles (143) whereas the 
fusion of a cyclopentyl ring at C2-C3 (142, n = 1) led to 
a complete change in periselectivity, the benzodiazepines 
(144) being the only observed product (Scheme 28). 
Ar 






This difference in periselectivity was rationalized 
in terms of greater separation of the termini in the 
cyclopentyl fused compound (145) requiring a greater 
distortion of the diazo group to achieve cyclisation. 
This distortion has a large energy barrier and so, the 
1,7- becomes preferable to 1,5-electrocyclisation. 	The 
ring closure also leads to a more strained product, a 
5,5-fused system, than that formed from the cyclohexyl 
fused compound (146) which also has a smaller separation 
between the termini of the 7r -system. 
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Fusion of a cyclohexyl ring at Cl-C2 also produced 
only the pyrozole but when a cyclopentyl ring was fused 
at Cl-C2 the diazo compound (147) reacted via all three 
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This was the first example of a 3-aryl--1-diazo- 
alkene reacting by both 1,5- and 1,7-electrocyclisation. 
This effect can be attributed to the fact that in (147) 
the termini separation is slightly greater than in the 
acyclic case (140) but not as great as in (145). 	So, in 
contrast to (145), both 6'r - and 87r -electrocyclisations 
are possible and the carbene reactions are also 
competitive since the diazo-group is not necessarily in 
conjugation with the a,/3 bond due to free rotation about 
the single bond. 
(147) 
Finally, when both the a,/3 and y,c bonds are 
aromatic no 1,5- or 1,7-electrocyclisation is observed 
and the only products obtained are those derived from 
carbenes8 -. 
3.4) Carbonyl Ylides 
Carbonyl ylides are, at present, the only allyl type 
1,3-dipoles known to undergo 1,7-electrocyclisation. 
The 8 7r-electrocyclisations of carbonyl ylides have been 
thoroughly investigated by Eberbach and 
co-workers82  ,83,84 
Thermolysis of butadienyloxiranes (148) gives rise 
to the carbonyl ylides (149) which undergo 1,5- or 
1,7-electrocyclisation (Scheme 30)83,84. 
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The 1,7-electrocyclisation of carbonyl ylides to 
dihydrooxepines (150) may occur partially (154b), 
predominantly (154a) or exclusively (152)84. 	These 
electrocyclisations can take place with the participation 
of one or two aromatic bonds. 	For example, the oxirane 
(151) ring opens to give the carbonyl ylide (152) which 
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(1,51-H shift  
The periselective formation of the dihydrooxepines 
by most systems, can be explained in terms of a helical 
transition state, as proposed by Sharp75'77. 	As 
mentioned previously examination of the HOMO of these 
systems predicts a conrotatory ring closure and in two 
cases Eberbach has shown that the 87r- ring closure of 
carbonyl ylides does proceed in this manner. 	These 
systems are the spirooxiranes (154a) and (154b) which 
undergo both 1,5- and 1,7-electrocyclisation (Scheme 
31)83,84. 
The carbonyl ylide (155) can cyclise via either a 
1,5-electrocyclisation to give the dihydrofuran (156), as 
a mixture of cis and trans isomers, or via a 1,7-electro- 
cyclisation to give the dihydrooxepine (157). 	When 
R = CH3 the dihydrooxepine (157) is obtained but when 
R = H this dihydrooxepine can undergo two suprafacial 
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[1,5] hydrogen shifts to bring both the phenyl and ester 
groups into extended conjugation (158). 	The stereo- 
chemistry at the ring junction has been shown to be cis. 
M. 
4) 	BENZAZEPINES 
4.1) Introduction and Structure 
For a monocyclic, fully unsaturated azepine (159) 
there are four possible tautomers, designated as lH-, 
2H-, 3H- and 4H-azepine. 	Of these only the 11- (159a) 
and 3H- (159b) tautomers are known. 
The 1H-tautomer (159a) is unstable even at -780 and 
rearranges to the marginally more stable 3H-tautomer 
(l59b)85. 
The conformation which azepines adopt has been the 
subject of great theoretical interest since a planar 1H-
azepine (159a) would involve a destabilising overlap of 
the nitrogen lone pair with the triene system, resulting 
in the formation of an 8 7r antiaromatic system. 
Calculations by the SCF-MO method86 show clearly that 
azepines are non-aromatic and that the 3H-azepine (159b), 
in which the nitrogen lone pair is no longer involved in 
conjugation with the 7t system, is more stable that the 
1H-tautomer (159a). 
X-Ray studies on substituted 3H-azepines (160)87 
have confirmed the non-planarity of the azepine ring and 
also shown that the preferred azepine conformation is the 
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boat form (160). 
IM 
'H n.m.r. studies of azepines in solution have shown 
that the azepine ring can invert to another stable boat 
form, via a planar intermediate, and that the energy 
barrier for ring inversion is very dependant upon the 
substituents present. 	For example, 2-anilino-3H-azepine 





Fusion of a benzene ring at the b, c or d edge of 
the azepine ring (159) gives rise to three isomeric 





The fully unsaturated derivatives of each of these 
benzazepine systems have been synthesised and will be 
discussed in a later section. 
Of the monocyclic azepines caprolactam (165) is 
possibly the best known since it is used in bulk 
quantities as an intermediate in the manufacture of 
nylon 6. 	The azepine nucleus is known to have CNS 
activity and a number of azepines have been found to be 
pharmacologically active, for example, 6, 7, 8, 9-
tetrahydrotetrazolo[1,5-alazepine (166) is a CNS 
stimulant and a narcotic antagonist.88 
NZ 
H 
(165) 	 (165) 
The benzazepine skeleton has been found to be a 
component of some natural products and substituted 
derivatives of benzazepines are of interest to medicinal 
chemists because of their wide range of activity. 	The 
pharmacological value of benzazepines is not as great as 
their analogues, the benzodiazepines, but a wide range of 
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activity has been noted for several 1-1 2- and 3-
benzazepines. 
The most useful pharmacological agents based on the 
azepine nucleus are the dibenz[b,f]azepines, such as 
imipramine (167; R = H) and clomipramine (167; R = Cl) 
which are widely used in the treatment of depressive 
illness88. 
4.2) Synthesis of 1- and 3-benzazepines 
The fully unsaturated 31-1-benzazepine (173; R3- = 
OEt, R4 = R3 = CO2Me, R2 = H) was synthesised by 
Plieriinger and Wild89 from 2-ethoxyindole (168; R = R2 = 
H, Rl = oEt) and dimethyl acetylenedicarboxylate (169; 
R3 = R4 = CO2Me). 	These workers suggested that this 
reaction proceeds via a cyclobut[b]indole (171). 	The 
formation of this intermediate is thermally forbidden 
(2 	+ 27 ) but, in this case, the nitrogen lone pair and 
the double bond (C2 - C3) are behaving as an enamine and 
the attack by the indole is believed to be stepwise 
rather than concerted. 	This theory is supported by the 
high yields of fumarates (174; R3 = R4 = CO2Me) obtained 





carried out in methanol,90 where a proton is available to 
quench the zwitterion (170) (Scheme 32). 
Lin and Snieckus91, in their studies on 
N-acetyl-3-piperidinylindole (168; R = CH3CO, R1 = H, R2  
= piperidinyl), managed to isolate and characterise a 
cyclobutene intermediate (171; R = CH3CO, R' = R4 = H, R2  
= piperidinyl, R3 = CO2Me) and show that these 
cyclobut[b]indoles (171) were indeed intermediates in the 
formation of the l-benzazepines (172; R = CH3CO, R- = H, 
R2 = piperidinyl, R3 = CO2Me, R4 = H or CO2Me). 
Ikeda92 and co-workers have prepared a range of 
N-acylated cyclobut[b]indoles (171; RR5-0O3 R- = R2 = 
R3 = R4 = H) via the allowed photocycloaddition of methyl 
acrylate to l-benzoylindole, followed by hydrolysis and 
oxidative decarboxylation with lead tetraacetate. 	These 
indoles (171; R=R5-C=O, R' = R2 = R3 = R4 = H) decomposed 
at 250-280°C to give 1-acyl- 1H-1-benzazepines (172; R = 
R5CO, R1  = R2 = R3 = R4 = H) as a major product. 	In the 
presence of silver ion the required thermolysis 
temperatures are lowered by 100-160°C. 	This is thought 
to be due to the complexation of the cyclobutene double 
bond to the silver ion, which aids the ring opening. 
Matsumo, Acheson93 and co-workers have shown that the 
formation of the l-benzazepines (172) in the reaction of 
the indoles (168) with dimethyl acetylenedicarboxylate 
(169; R3 = R4 = CO2Me) is accelerated by high pressures. 
Davis and Neckers94 have prepared a range of 
cyclobutenes (171) via the photochemically - allowed 
reaction of indoles (168) with DMAD (169; R3 = R4 = 
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CO2Me) and found that the only cases where ring opening 
to the azepines (172) does not occur are those when there 
is a methylene bridge at the fusion position (171; R1, R2 
= -(CH2)3-). 
The unsaturated 3-benzazepine (177) has been 
prepared from the dinitrile (175) by treatment with 
hydrogen bromide in acetic acid.95 	The intramolecular 
attack of one nitrile group upon the other gives (176) 






(175) 	 (176) 	 (177) 
Much industrial effort has been put into the 
synthesis of these 2-amino-lH-3-benzazepines96. 	Another 
synthetic route of interest involves the alkylation of 
the 2H-3-benzazepin-2-one (178) 	with triethyloxonium 
tetrafluoroborate, followed by nucleophilic displacement 










Fully unsaturated 3-benzazepines (181) have also 
been prepared by decomposition of azidocinnamates with 
o-alkenyl substituents (180).98  
H-CHR CL 	0(: 
ON 
Finally, 3-methylsulphonyl-3H-3-benzazepine99 (182) 
has been obtained as one of the products when 
isoquinoline N-oxide is treated with methylsuiphinyl-
methyl carbanion at 70°C. 
ME 
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4.3) Synthesis of 2-benzazepines 
Much industrial interest has been focussed upon the 
synthesis of 2-benzazepines fused to other heterocyclic 
systems100103. 	For example, the pyrazolobenzazepines 
(184) have been synthesised from 2-chloro--5-methylbenzoic 












Several syntheses of fully unsaturated 
2-benzazepines have been reported and each of these will 
now be considered in some detail. 
Photolysis of the readily available a-azido-
naphthalenes (185)104 in primary amines provides a useful 
synthetic method for the preparation of 5H-2-benzazepines 
(189). 	The mechanism postulated to account for this 
reaction involves the initial formation of the fused 
hv 	 R2NH 
X N3  





azirine (186) which is attacked by the amine to give the 
aziridine (187). 	Ring opening of this aziridine 
followed by a [1,5] hydrogen shift in the intermediate 
(188) leads to the 5H-2-benzazepine (189) (Scheme 33). 
Gast and co-workers105 have prepared the 
1H-2-berizazepines (192) by cyclisation of the 
trisubstituted urea derivatives (191), which can be 
prepared from the 2-(/3  -styryl)benzylarnines (190). 
0  :H2 B3N 
RRCOcj 
The 3-methyl-1H-2-benzazepine (194) has also been 










Perhaps that most intensely studied method of 
azepine synthesis has been the Diels-Alder type 
cycloaddition of 1-azirines to cyclopentadienones'06. 
This method is also applicable to the synthesis of 
2-benzazepines, the starting materials in this case being 
the 1-azirines (196) and benzocyclopentadienone (195). 
The initially formed intermediate (197) excludes carbon 
monoxide with a disrotatory ring opening of the aziridine 








A 3H-2-benzazepine (200) has also been reported as 
one of the products of the photolysis of isoquinoline 
N-dicarboethoxy ylide (199) although the spectral 
characteristics are not consistent with this 
structure-07. 
h', 




As mentioned previously, generation of the nitrile 
ylides (62) leads to a 1,1-cycloadditiori, with a complete 
retention of stereochemistry, to give the 
cycloprop[clisoquinolines (63)55. 	Thermal rearrangement 












1H-2-benzazepine (201) when either R' or R2 is hydrogen, 
or the 5H-2-benzazepine (202) when neither R' nor R2 is 
hydrogen (Scheme 35). 
Finally, 1,7-electrocyclisation of the nitrile ylide 
(96)65,108, produced via photolysis of the 2H-azirine 




Programme of Research 
SECTION ONE 
ELECTROCYCLISATION REACTIONS OF a,/3 ; 	- 
UNSATURATED NITRILE YLIDES WITH A 
AROMATIC DOUBLE BOND 
1.1) 	With meta-substitution in the 
benzene ring 
1.1.1) Preamble 
1.1.2) Synthesis of N-benzoyl-3,3- 
diarylprop-2-en-1-ylamines 
1.1.3) Generation and reaction of 
benzonitrile 3,3-diarylallyl ylides 
1.2) 	Cyclisation of deuterium labelled 
substrates 
1.2.1) preamble 
1.2.2) Synthesis of (E)/(Z)-N-benzoyl-3-
(2 '-deuteriophenyl)--3-phenylprop-
2-en-1-ylamine 
1.2.3) Generation and reaction of 
benzonitrile 3-(2'-deuteriophenyl)-
3-phenylallyl ylide as an (E)/(Z) 
mixture 
1.2.4) Synthesis of 2 1 - and 6 1 - deuterium 
labelled N-benzoyl-3,3-bis(3'-methyl-
phenyl )prop-2--en-1-ylamines 
1.2.5) Generation and reaction of 2 1 - and 
6'-deuterium labelled benzonitrile 













1.2.6) Mechanism of cyclisation 	 115 
SECTION TWO 
SYNTHESIS OF DIBENZ[c,e]AZEPINES 
2.1) 	Preamble 	 126 
2.2) 	Synthesis of N-aroyl-2-phenylbenzyl- 	129 
amines 
2.3) 	Synthesis of dibenz[c,e]azepines 	 130 
76 
PROGRAMME OF RESEARCH 
This thesis is concerned with the cyclisation 
reactions of diene-conjugated nitrile ylides (203) in 
which the y, -unsaturation forms part of a benzene ring. 
6h2
Th 
X. H'C H-J E C-Ph 
(203) 
It has recently been shown that the nitrile ylides 
with ct,/3 -unsaturation as part of a benzene ring (62) 
react via a 1,1-cycloaddition to give the cycloprop[cl-
isoquinolines (63)55,109. 
(62) 	 (63) 
This investigation was carried out to provide a 
comparison with this recent work and also with the 
cyclisation of the analogous diene-conjugated diazo-
compounds (204) in which 1,5-electrocyclisation to give 
pyrazoles (205) is the dominant reaction path except in 
cases of steric constraint, for example, R/Rl = (CH2)3, 
77 






(204) 	 (CH2)3  
R1 
(205) 	 (206) 
The objective was to determine the periselectivity 
in the thermally generated nitrile ylide analogues (203) 
and to investigate the mechanism of the cyclisation by 
studying substituent directive effects (X in 203) and 
comparing this data with results from the analogous 
cyclisations of the diazo-compounds (204). 
Finally, it was hoped to obtain further mechanistic 
evidence from the cyclisation of the deuterium labelled 
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SECTION ONE 
ELECTROCYCLISATION REACTIONS OF a , ;Y , S - 
UNSATURATED NITRILE YLIDES WITH A F,,5—AROMATIC 
DOUBLE BOND 
1.1) 	With meta-substitution in the benzene ring 
1.1.1) 	Preamble 
This section is concerned with the reactions of 
systems of the type (203), ie a ,/ ; y,S -unsaturated 





The reactions of these systems were of particular 
interest for two reasons. 	Firstly, for comparison with 
the nitrile ylides (62), with a, /3-aromatic and y,S 
-olefinic bonds, which react via a formal 
1,1-cycloaddition of the nitrile ylide to the alkene 
moiety to give the corresponding cycloprop{c}-
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This reaction could be thought of as a 1,7-electro-
cyclisation to give (207), followed by a ring contraction 
to the exo- or endo cycloprop(c]isoquinolines, (63a) or 
(63b). 	However, all the evidence54"09 suggests that it 
it is a true 1,1-cycloaddition (Scheme 36). 
Calculations have given the rate constants (s-) 
shown in Scheme 36109. 	This reaction has been observed 
to be totally stereospecific, (Z)-and (E)-starting 
material giving only endo- and exo-products, 
respectively. 	If the two-step mechanism was operating 
then the rate of inversion, k, of the intermediate (207) 
would have to be a factor of ca.102x slower than the ring 
closure steps for this process to be stereospecific. 
However, a reasonable estimate for this rate constant 
(k), obtained from the coalescence temperature of the 
structurally similar 1H-2-benzazepine (201) (Tc-40°C), 
is —102-103s 1. 	Therefore, if the two-step mechanism 
applied there would be no stereospecificity in this 
reaction. 
These 1,1-cycloadditions are analogous to the 
reactions of the corresponding nitrile imines 
(123)72,73,74 (Introduction pp.49-51) which appear to 
undergo 1,7-electrocyclisation when generated with 
triethylamine at 80°C but when they are generated with 
silver carbonate at 25°C the cyclopropa[c]cinnolines 
(125) are obtained which can be converted to the 
1,2-benzodiazepines (128) by heating, provided R or R'=H. 
Although this reaction is formally analogous to that of 
the nitrile ylides (62) it is not certain, at present, 
which of the two possible mechanisms for the cyclisation 
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(125) 
Secondly, for comparison with the analogous diene-
conjugated diazo-compounds (204) which undergo 
1,5-electrocyclisation to pyrazoles (205) except in cases 
of steric constraint, e.g. (204, R/R'=-(CH2)3-), when the 
termini of the diazo- and alkene groups are too far apart 
for 1,5-electrocyclisation to occur. 	In this case 1,7- 
closure to give the benzodiazepines (206) is 






QH " , RX 
(206a) 
-A- 
It was hoped117 that studies on the directive 
effects of the unsymmetrically-placed substituents (X in 
204) would reveal information about the mechanism of the 
1,7-electrocyclisation reaction since the diazo-
compounds (204, R/R1 = -(cH2)3-) could, in principle, 
cyclise at either the 2'- or 6 1 - positions which, 
followed by a [1,51-hydrogen shift, would lead to (206a) 
and (206b) respectively. 	Of particular interest was 
whether either, or both, of the cyclisation step and the 
hydrogen shift were reversible under the cyclisation 
conditions. 	Any directive effect could be exerted in 
either or both steps if the cyclisation step was a fast 
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pre-equilibrium. 
One nitrile ylide system (96) of the type required 
had previously been prepared65. 	This nitrile ylide was 
generated via photolysis of the azirine (95) and 
cyclisation led only to the benzazepine (97), the product 








(96) 	 (97) 
As mentioned previously, intramolecular reactions of 
nitrile ylides produced by photolysis of azirines can be 
complicated by further photolytic reactions of the 
primary products and by uncertainty as to whether the 
intermediate, in this case (96), is reacting in its 
electronic ground state. 	Another possibility 
(Introduction pp.47-48) is concerted rearrangement69. 
The contrast of this reaction, which showed exclusive 
1,7-selectivity, with that of the diazo-analogue (204), 
which showed predominant 1,5-selectivity, was so great 
that it was decided to generate the nitrile ylides (203), 
by a non-photochemical method which would be certain to 
generate (203) in their electronic ground state. 
The method of choice was the 1,3-dehydrochiorination 
of imidoyl chlorides (209) with base. 	Imidoyl chlorides 
can be prepared by the chlorination of amides4 - (208) 
(Scheme 37). 
_ 
H2NHCh 	 :C4 	03) 
No 
Scheme 37 
Therefore, the first objective was to synthesise a 











1.1.2) 	Synthesis of N-benzoyl-3,3-diarylprop-2-efl-1- 
ylamines 
The synthesis of the title compounds (208 a-c) was 
achieved by the route shown in Scheme 38. 
The first step in this synthesis was the 
chlorination of the meta-substituted benzoic acids in 
refluxing thionyl chloride. 	Distillation gave the meta- 
substituted benzoyl chlorides in excellent yield. 	These 
benzoyl chlorides were then coupled with the 
corresponding meta-substituted Grignard reagents at 
x 
&UC I BrM 
-78°C 

















-78°C. 	After work-up, chromatography gave the 
3,3'-disubstituted benzophenones in good yield. 
(Benzophenone was, of course, available commercially). 
The benzophenones were then reacted with the anion 
generated from diethyl cyanomethyiphosphonate and sodium 
hydride in a Wittig-Horner reaction110111. 	The 3,3- 
diarylpropeneriitriles (210 a-c) were obtained in 
excellent yield and were characterised by elemental 
analysis or exact mass measurement, 1H and 13C n.m.r., 
and infra-red spectral data. 
The reduction of these 3,3-diarylpropenenitriles 
(210 a-c) to the corresponding 3,3-diarylprop-2-en-1-
ylamines (211) had been reported110 to proceed cleanly 
with lithium aluminium hydride in ether at -20°C. 
However, when the reduction of 3,3-diphenylpropene-
nitrile (210a) was carried out under these conditions an 
inseparable mixture. of 3,3-diphenylprop-2--en-1-ylamine 
(211a) and 3,3-diphenylpropylamine (212a) was obtained. 
After much experimentation with the reaction conditions 
it was eventually discovered that carrying out this 
reduction at -45°C for 6-11h, followed by quenching at 
-45°C, gave only the desired amines (211 a-c). 	These 
amines were generally not isolated but were benzoylated 
to give the amides (208 a-c). 	In the case of the 
non-substituted amine (211a) this benzoylation was 
carried out with benzoyl chloride and pyridine in 
refluxing benzene. 	However, these conditions proved too 
severe for the substituted derivatives (211 b,c) which 
were benzoylated at room temperature with benzoyl 
x)Z1ir CHN n-BuLi 	HO' CH2CN 
(213) 
LiAIH4 
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(208d,e) 
Scheme 39 
chloride in a two-phase system of saturated aqueous 
sodium carbonate solution and methylene chloride'12. 
The amides were obtained in moderate yield and were 
characterised by elemental analysis or exact mass 
measurement, 'H and 13C n.m.r., and infra-red spectral 
data. 
Attempts to reduce 3,3-bis(3 1 -trifluoromethyl-
phenyl)propenenitrile (210e) under the conditions 
mentioned previously were unsuccessful and gave only the 
3,3-bis(31-trifluoromethylphenyl)propylamine (212e). 	We 
believe that the reason this reaction has proceeded to 
the propylamine (212e) rather than stopping at the 
desired prop-2-en-1-ylamine (211e) is due to the presence 
of the electron withdrawing trifluoromethyl groups which 
polarise the double bond and so, increase its 
susceptibility to hydride attack. 	Other attempts to 
reduce the nitrile group leaving the double bond 
untouched by using sodium borohydrideor a sodium 
borohydride-cobaltous chloride complex113 also gave the 
propylamine (212e) whereas lithium trimethoxyaluminium 
hydride114, in tetrahydrofuran, gave only starting 
material, so a different synthetic strategy had to be 
adopted (Scheme 39). 
The first step in this synthesis involves the 
addition of the acetonitrile carbanion, generated at 
-78°C in tetrahydrofuran, to the disubstituted 
benzopenones to give the 3-hydrôxy-3,3-diarylpropane- 
nitriles (213 d,e)115. 	These nitriles were reduced to 
the hydroxyamines (214d,e) with lithium aluminium 
AN 
hydride in ether at 0°C. 	The amines were not isolated 
but the crude reaction product was dehydrated in 
refluxing trifluoroacetic acid. 	Benzoylation by the 
method of Fuhrer and Gschwend112 gave the amides (208 
d,e) as white crystalline solids in moderate yield. 
1.1.3) 	Generation and reaction of benzonitrile 
3,3-diarylallyl ylides 
The preparation of imidoyl chlorides from amides can 
be carried out using reagents of the type wXC12w  where 
XPC13; POd; CO or SO. 	The by-products of the 
reaction are wX=Ow and HCl. 
For N-benzoyl-3,3-diphenylprOp-2-en-1-ylamine (208a) 
the method of choice involved the use of phosphorus 
pentachloride. 	The amide was chlorinated with 1.5 
equivalents of phosphorus pentachloride in refluxing 
ether. 	The by-product, phosphorus oxychioride, was 
removed by evaporation under high-vacuum at ambient 
temperature. 
The nitrile ylide (216) was generated at 0°C by 
dissolving the imidoyl chloride (215) in dry 
tetrahydrofuran and adding 3 equivalents of potassium 
tert-butoxide. 	Earlier work by Robertson and 
Motion55409 had shown that complex nitrile ylides of 
this sort could not be generated from the corresponding 
imidoyl chloride by treatment with triethylamine. 	The. 
large excess of potassium tert-butoxide was added to 
ensure that enough base was present to dehydrochlorinate 
the imidoyl chloride as well as react with any phosphorus 
* 




The addition of the base at 0°C was followed 
immediately by the appearance of a deep purple colour, 
thought to be evidence for the presence of a nitrile 
ylide in solution2. 	This colour began to fade to yellow 
after ca. 15 mins. 	The reaction mixture was stirred for 
3h at 0°C and was found to be complete by t.l.c.. 
Quenching, extraction, chromatography on 10% deactivated 
neutral alumina and recrystallisation gave one product, 
1,5-diphenyl-3H-2-benzazepine (218) in 73% yeld. 	The 
product was characterised by elemental analysis and 
spectral data. 	A picrate derivative was prepared and 
characterised by elemental analysis. 
(b) 
(a) 
jgureL.O. 1H N.m.r. spectrum of (218) 
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The most straightforward mechanism for the formation 
of (218) involves a 1,7-electrocyclisation to give the 
intermediate (217), which then undergoes a sigmatroic 
[1,51-hydrogen shift. 	No evidence for a 
1,1-cycloaddition followed by a ring contraction, cf. 
(62) -> (201), was observed. 
The presence of the imine double bond of the azepine 
ring was shown by the quaternary signal at168.8 (C=N) 
in the 13C n.m.r. spectrum. 	The 'H n.in.r. spectrum of 
the benzazepine (218) at 30°C (Figure 40a) showed a 
triplet at 66.50 (J=6.8Hz) for the C4-H and two broad 
signals, at 63.10 and 4.48, for the C3-hydrogens. 	The 
spectrum at 0°C (Figure 40b) showed the same triplet for 
the C4-H and the broad signals had sharpened to doublets 
of doublets. 	The doublet of doublets at 63.09 (J=10.1 
and 6.6Hz) can be assigned to the axial Ha whereas that 
at 64.48 (J=lO.l and 7.2 Hz) can be assigned to the 
equatorial He 116. 	The equatorial hydrogen is deshielded 
because it lies within the anisotropic deshielding cones 








The geminal coupling constant of 10.1Hz ( a,) is 
consistent with that in other azepine systems'06'116 but 
the difference in the vicinal coupling constants (sex  and 
sax) is not as large as expected. 	For the monocyclic 
azepine (161) the vicinal coupling constants are 6 and 8 
Hz, which are due to dihedral angels of 1300 and 50 
respectively. 	The smaller difference in vicinal 
coupling constants in the benzazepine (218) perhaps 
suggests that the presence of the benzene ring flattens 
the boat structure of the azepine ring, producing 
dihedral angles, 4 a and 4 ex, which are more similar in 
value than in the monocyclic case. 
bellHz 
J8Hz 
HXPh 	 J<6Hz 
(161) 
The coalescence temperature for the C3-hydrogens in 
1,5-diphenyl-3H-2-benzazepine (218) was 770 ± 2°C (350K) 
which gave a AG for ring inversion of 67.4 ± 0.4 
KJ/mol. 	This value is approximately 25KJ/mnol greater 
than that for the monocyclic azepine (161), which is 42.7 
91 
KJ/mo1116. 	This large difference is almost certainly 
due to steric interaction between the 1- and 5-phenyl 
groups and the fused benzene ring in the planar 
intermediate for ring inversion. 
The coalescence temperature of the benzazepine (218) 
should also be contrasted with the 'H n.m.r. spectrum of 
1-phenyl-3H-2-benzazepine (97)65 which shows only a 
doublet, due to splitting by C4-H, for the 
C3-hydrogens. 	This spectrum, which was run at ambient 
temperature, was obviously obtained at a temperature 
above the coalescence temperature of the C3-H signals 
thus, the absence of the 5-phenyl group has lowered the 
coalescence temperature considerably. 
(97) 
Thus, for thermally generated ground state nitrile 
ylides, such as (216), 1,7-electrocyclisation is the 
dominant cyclisation path, in direct contrast to the 
diazo-compounds (204) for which 1,5 electrocyclisation is 
the normal path. 
The next example studied was the cyclisation of 
benzonitrile 3,3-bis(3 1 -methylphenyl)allyl ylide (220) 
which was once again generated by treatment of the 
imidoyl chloride (219), prepared via chlorination of the 
amide (208b) with either phosphorus pentachloride or 
thionyl chloride, with potassium tert-butoxide at 0°C. 





The addition of base at 0°C was accompanied by a 
deep red colour which began to fade to yellow after ca. 2 
mins. 	In this case the nitrile ylide (220) could 
cyclise via attack at either the 2 1 - or 6 1 - positions, to 






It was initially hoped that the ratio of these two 
isomers could be determined by hplc but the benzazepines, 
6.'6 	 6'5 	 64 
.EigureLi. 01.-H triplets in(221c)/(221b) mixture. 
93 
(221a) and (221b), proved to be unstable to hplc on 
silica, alumina and even reverse-phase silica. 	An 
alternative method therefore had to be found and, in the 
event, the isomer ratio (221a : 221b) was calculated from 
the 1H n.m.r. spectrum of the crude product mixture. 
The ratio was calculated from the integrals of the C4-H 
triplets in the 1H n.m.r. spectrum (Figure 41). 	The 
cyclisation of (220) was repeated in order to obtain two 
values for the isomer ratio and the values are given in 
Table Two. 
Ratio 	(221a) 	: (221b) 
Expt 	(a) 2.56 
Expt 	(b) 2.38 
Average 2.47 	(± 4%) 
In order to differentiate between the spectra of the 
two isomers a pure sample of each was required. 
Preparative t.l.c. on phosphate buffered (pH8) silica 
gave pure samples of each isomer as yellow oils. 	The 
products were characterised by exact mass measurement, 
giving a molecular formula of C24H21N, 'H and 13C n.m.r. 
spectra, and the infra-red spectrum of the mixture. 
The 1H n.m.r. spectrum of 7-methyl-5-(3'-
methylphenyl)-1-phenyl-3H-2-benzazepine (221b) (Figure 
42b) at 30°C showed methyl singlets at 2.34 and 2.35, 
5 





7 	51 	 51 	 3' 	 21  
figure 42b. (221b) 
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doublets of doublets at 63.09 (J=10.2 and 6.8Hz) and 4.46 
(j=10.3 and 7.3Hz), a triplet at 66.44 (J=7.OHz) and 
aromatic multiplets at 7.05-7.50 (10H) and 7.52-7.56 
(2H). 	This spectrum confirms the position of the 
7-methyl group since the methyl groups are in similar 
environments and the two ortho-hydrogens of the 1-phenyl 
group are deshielded by the imine double bond of the 
azepine ring. 
The 1H n.m.r. spectrum of 9-methyl-5-(3'-
methylphenyl)-1-phenyl-3H-2-benzazepine (221a) (Figure 
42a) at -10°C shows methyl singlets at 2.00 and 2.34, 
doublets of doublets at 53.08 (J=10.0 and 6.5 Hz) and 
4.43 (J=10.0 and 7.1 Hz), a triplet at 36.56(J=6.8 Hz) 
and an aromatic multiplet at 7.07-7.44 (12 H,m). 	The 
interesting features of this spectrum include the 
shielding of the 9-methyl group ( 8 2.00) by the ring 
current of the 1-phenyl group and the absence of a 
deshielded multiplet for the ortho-protons of this 1-
phenyl group since it is pushed out of conjugation with 
the imine double bond by the 9-methyl group. 
A comparison with the cyclisation of the analogous 
diazo-compounds will be made later. 	The cyclisations of 
the nitrile ylides (225-227) were also studied. 	These 
nitrile ylides were also generated from the imidoyl 
chlorides (222-224) by treatment with potassium tert- 
butoxide in tetrahydrofuran at 0°C. 	The imidoyl 
chlorides were generated by chlorination of the amides 
(208 c-e) with thionyl chloride in ether (Scheme 43). 
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obtained to confirm that no cyclisation had taken place 
at this stage. 
As expected the nitrile ylides cyclised to give 
mixtures of the two possible benzazepines (228-230a) and 
(228-230b). In each case the isomer ratio was measured 
from the 	-H n.m.r. 	spectrum of two crude product mixtures 
and the ratios are given in Table Three (see Figure 44 
for spectra). 
Table Three 
System Ratio 	(a):(b) Average 
221 (X=Me) 2.56 : 	1 2.47 (+ 4%) 
2.38 : 1 - 
228 (X=OMe) 1.43 : 	1 1.53 (+ 7%) 
1.63 : 1 - 
229 (X=Cl) 2.18 :1 2.10 (+ 4%) 
2.02 : 	1 - 
230 (XCF3) 1.51 : 	1 1.49 (+ 8%) 
1.37 : 1 - 
1.59 : 	1 
The values for the isomer ratios of each mixture, 
(221) and (228-230), given in Table Three are in 
excellent agreement since the reproducibility of 
integration on Fourier-transform spectrometers is only 
ca. 10%. 
In each case the benzazepine isomers were separated 
by preparative t.l.c. on silica and 1H n.m.r. spectra 
[and 19F spectra for (230)J were obtained for each 
6:8 	6:7 	6:6 




ii )XC1, (229a)/(229b) 
EgureL.C4-H trip(ets in benizqne mixture. 
isomer. 	The product mixtures were characterised by 
exact mass measurement, 'H n.Jn.r. and infra-red spectra. 
A detailed discussion on the significance of these 
results will be given in a later section of this thesis. 
185- 	(20L) 
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1.2) 	Cyclisation of deuterium labelled substrates 
1.2.1) 	Preamble 
As mentioned previously, diene-conjugated diazo-
compounds (204) cyclise via 1,5-ring closure unless 
steric constraints exclude this cyclisation mode. 	One 
such case is when there is a cyclopentyl ring fused at 
the C2-C3 positions (204, R/R1=(CH2)3) which increases 
the separation between the termini of the diazo and 
olefin groups and so, favours 1,7- over 1,5-electro-
cyclisation. 	In this 1,7-electrocyclisation the first 
step, the cyclisation onto the benzene ring forming a C-N 
bond, was found to be reversible (Scheme 45). 	This was 
discovered from studies on the cyclisation of the 
deuterium labelled substrates (231), (232) and (233). 
(231) 
(232) 	 (233) 
The substrates (232) and (233) were chosen for two 
reasons : (i) the methyl group had the strongest ortho 
directive effect and (ii) the formation of both 
benzodiazepines, (238) and (239) or (240) and (241), was 
irreversible so either k_1 or k_2 or both must be zero in 
both branches of the reaction. 
In the cyclisation of (231) (Scheme 45), no 
measurable concentrations of the intermediates (234) and 
(236) could be detected and it was found that the 
products (235) and (237) did not interconvert under the 
conditions of the cyclisation. 	This and consideration 
of the nature of the two steps led to the assumption that 
the second step in this mechanism, at least, is 
irreversible (k_2=0) (Scheme 45). 	Application of the 
steady-state approximation to these intermediates, (234) 
and (236), gives equations (1) and (2), where [231] = 
concentration of the substrate (231) etc. 
[236] = k1[2311 	 (1) 
(k_1+kD) 
[2341 = k1[231] 	 (2) 
(k.l+kH) 
From equations (1) and (2) we can obtain equations 
(3) and (4) for the formation of the products (237) and 
(235) respectively. 
d[237] = kD[236] = kDk1[2311 	(3) 
dt 	 (k..1 + kD) 
d[235] = kH[234] = kHkl[231] 	(4) 
dt 	 (L1 + kD) 











R/R1:(CH2 )3 ) 
SchemeL,6 
Ar 







for the (235)/(237) product ratio, y; 
y = (235) = (xk_1+k) 	 (5) 
(237) 	(k_l+kHY 
where x is the primary kinetic isotope effect (= kH/kD). 
Thus, if the first step is irreversible (k_1=0) this 
ratio will be unity and if the first step is a fast pre-
equilibrium followed by a rate-determining sigmatropic 
[1,51-hydrogen (or deuterium) shift (k_j>>k) this ratio 
will tend to x, 5.0-7.0, assuming no significant 
secondary isotope effect in the first step. 
For the cyclisation of the diazo-compound (231) the 
product ratio (235)/237) was obtained from the 2j n.m.r. 
spectrum (See Appendix Four) and was found to be 
44117 	The error in this result is ca. ± 0.5 but it is 
evident that this result supports a mechanism with 
k.....1 	0 and>kH. 	Taking a value of 5.0 for x117 gives 
k...1/kH = 5•7• 
Similar calculations for the substrates (232) and 
(233) give equations (6) and (7) where R,R' and R2 are 
the (242)/(243), (238)/(239) and (240)/(241) ratios 
respectively (Scheme 46). 
R 	= 	xk....1 () + k () 	 (6) 
gi k 1  (a.) + k2 (c.) 
R2 	= xk..1 (p) + k2 (n.) 	 (7) 
R k_1 () + k2 () 
Carrying out the cyclisation of all three substrates 
(204; x = Me, R/R1 = (CH2)3, R2 = Ar), (232) and (233) 
under exactly the same conditions gave values of 4.31, 
1.1 and 20.5 for R,R' and R2 respectively. 	Therefore, 
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R/R' = 3.9 and R2/R = 4.8. 	Thus, the presence of the 
ortho- deuterium atom has decreased the (238)/(239) ratio 
by decreasing the yield of (238) and, correspondingly, 
increasing that of (239). 	In a similar way the presence 
of the para-deuterium has increased the (240)/(241) 
ratio. 
These results clearly show that k_1 	0 and >kH and 
so back-up the evidence from the cyclisation of (231). 
It was obviously of great interest to probe the 
mechanism of the nitrile ylide cyclisation in a similar 
manner to that mentioned above. 	To do this the 
analogous nitrile ylide systems (244), (245) and (246) 
would have to be prepared and their cyclisations studied. 
Ph HCHN C-Ph 
(21+4) 
H 3 C5 I 	H3 - H-!JE C-Ph 
(245) 
H3C'_C_ 	 H3  
H 	H-NE C-Ph 	+ 
(21+6) 
Since these nitrile ylides would have to be 
generated by 1,3-dehydrochiorination from the imidoyl 
chlorides in order to compare the results with those 
obtained for the non-deuterated substrates, the requisite 
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H"CH 2 NHCOFh 
(21.7) 
H3 C' 






1.2.2) 	Synthesis of (E)/(Z)-N-benzoyl-3-(2'-deuterio- 
phenyl )-3-phenylprop-2-en-1-ylamine (247) 
The first major target in the synthesis of 
(E)/(z)_N_benzoyl_3_(2'_deuteriophenyl)-3-phenylproP-2-











(7.y CO2H XH CXOCI 
r1 JU 0012  
2D0 
Scheme /7 
Initially it was attempted to prepare 2-deuterio-
benzophenone (250) by deuteration of 2-bromobenzoic acid, 
via lithiation with n-butyl lithium'18, followed by 
chlorination with thionyl chloride and low temperature 
coupling with phenyl magnesium bromide (Scheme 47, lower 
route). 	The first two steps proceeded in excellent 
yield but the last step gave the benzophenone (250) 
contaminated by some impurity which could not be removed 
by distillation or chromatography. 	Therefore, some 
other method of preparing (250) had to be adopted. 
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Generation of ortho, N-dilithiated benzophenone 
tosylhydrazone by treatment of ortho-bromobenzopherione 
tosyihydrazone with methyl lithium, followed by butyl 
lithium, at -78 0 and quenching with deuterium oxide119  
gave V-deuteriobenzophenofle tosyihydrazone which was 
deprotected by shaking in chloroform and sodium 
hypochlorite120 to give 2-deuteriobenzophenone (250) in 
44% yield (Scheme 47, upper route). 	The benzophenone 
(250) was then converted to the propenenitrile (251) as 
an (E)/(Z)-mixture in the usual manner. 	This 
propenenitrile (251) had a deuterium content of 99% as 
calculated by mass spectroscopy (see Appendix One). 
Reduction of the propenenitrile (251) at -45°C with 
lithium aluminium hydride in ether, followed by 
benzoylation at room temperature'1- 2, gave the required 
amide (247) as an (E)/(Z)-mixture. 	The above method of 
preparation ensured that the (E) and (Z)-isomers were 
present in a 1:1 ratio. 	The white solid (247) was 
characterised by accurate mass, infra-red, 1H and 2H 
n.m.r. spectra and was found to have a deuterium content 






H'C 2 NHCOA- 
(2L7) 
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1.2.3) 	Generation and reaction of benzonitrile 
3-(2'-deuteriophenyl)-3-PheflYlallYl ylide as an 
(E)/(Z) mixture 
The riitrile ylide (244) was generated by 1,3-de-
hydrochiorinatiOn of the irnidoyl chloride (252), prepared 
by chlorination of the amide (247) with phosphorus 
pentachloride in refluxing ether, with potassium 
tert-butoxide at 0°C. 
(247) PCI - 
(E)/(Z)zl ether 




The generation of the nitrile ylide (244) was 
accompanied by the usual deep purple colouration of the 
reaction mixture which faded slowly. 	The usual work-up 
and chromatography on 10% deactivated neutral alumina 
gave a mixture of the three possible benzazepines (254), 













Application of the steady-state approximation to the 
intermediates, (253) and (255), leads to equation (5), as 
before (Scheme 48). 
y = (256) 	= xk._1 + kH 	 (5) 
(254) (k_1 + kH) 
Thus, if the first step is irreversible (k....1 = 0) 
then the (256)/(254) ratio will be unity but if the first 
step is a fast pre-equilibrium (k_1 	0 and >>kH) then y 
will tend to x, the primary hydrogen/deuterium kinetic 
isotope effect. 
Calculation of the (256)/(254) product ratio (see 
Appendix Four) in this mixture and in that produced by a 
repeat cyclisation gave values of 1.66 and 1.23 
respectively, giving an average value for y of 1.45 
(±15%). 	The high degree of uncertainty in this result 
is due to the difficulty in measuring the integral for 
the aliphatic deuterium signals which are exceedingly 
broad and spread over a range of ca. 3.5ppm. 
Assuming a value of 5.0 for x as before117, this 
gives kH/k_1 —7.9. 	Thus, for the cyclisation of this 
nitrile ylide (244) the sigmatropic [1,5-hydrogen shift 
Ei 55 	 65 	 6.45 
E'gure 49 (25L)/(256)/(257) mixture. 
C-/. H triplet and doublet. 
I; 
is almost 8x as fast as k_1. 	This is in direct contrast 
to the mechanism for the cyclisation of the diazo-
compound (231) for which the k_l/kH ratio is 5.7 and so, 
the first step in the cyclisation of (231) is reversible. 
This difference between diazo-compound (231) and 
nitrile ylide (244) mechanisms for 1,7-electrocyclisation 
is perhaps not too surprising since the first step in the 
cyclisation of the nitrile ylide (244) involves the 
formation of a c-c bond (-345 kJ/mol) which is stronger 
than the C-N bond (-290 KJ/mol) formed in the first step 
of the cyclisation of the diazo-compound (231). 
The mixture of benzazepines was characterised by 
accurate mass measurement (giving a molecular formula of 
C22H16DN), 1H n.m.r., infra-red and mass spectra. 
The mass spectrum of the benzazepine mixture 
indicates a deuterium content of 97.6% (see Appendix 
Four). 	This result confirms the intramolecular nature 
of the hydrogen shift since the isotopic composition of 
the product is within ±2%  of that of the starting 
material. 
The 'H n.m.r. spectrum of the mixture shows doublets 
of doublets at 3.11(J=10.4 and 6.7 Hz) and 4.49 (J=10.4 
and 7.1 Hz) and a triplet at 66.50 (J=6.9 Hz) due to the 
benzazepines (256) and (257), as well as doublets at 
3.11 (J=6.6 Hz), 4.49 (J=7.2 Hz) and 6.50 (J=6.9 Hz) 
due to the benazepine (254) (Figure 49). 
The doublets due to the benazepine (254) are due to 
the fact that no coupling to deuterium is observed 
(HD= 1/7 HH)- 	These doublets are also displaced to 
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higher field by a small isotope effect. 
As a control experiment 1,5-diphenyl-3H-2-
benzazepifle (218) was treated with potassium tert- 
butoxide and then quenched with deuterium oxide. 	-H 
n.m.r. and mass spectra of the product showed that no 
deuterium uptake had occurred, thus indicating that any 
deuterium in the 3-position of the benzazepine mixture 
formed from (244) is the product of a [1,5]-shift. 
The cyclisation of the nitrile ylide (244) has thus 
given results which point to an irreversible cyclisation 
step or, at least, to a mechanism in which k_1 < kH. 
This clearly differs from the analogous diazo 
cyclisation. 	However, it was felt that the lack of 
precision in the experimental results made this 
conclusion less certain than was desirable and so it was 
decided to attempt its confirmation by another method, 










1.2.4) 	Synthesis of 2'- and 6'-deuterium labelled N- 
benzoyl-3 , 3-bis( 3 -methyiphenyl )prop-2-en-1-
ylamines 
In the syntheses of the title amides, (248) and 
(249), the major targets were the corresponding nitriles 
(258) and (259). 	In this case it was also essential 
that the deuterium content in each ring was the same so, 
some convergent synthesis was required. 





The first synthesis attempted was via the aldehydes 
(261) which, it was hoped, could be prepared by reaction 
of the acetal ester (260) with 2 equivalents of the 





2. H3O 	 H  
(260) 	 (261) 
Conversion of these aldehydes (261) to the oximes 
followed by dehydration with thionyl chloride121 would 
then give the nitriles. 	However studies showed that 
although the final two steps were high yielding the 
Grignard reaction was exceedingly low yielding and so, 
some other method had to be chosen. 
The method chosen involved an adaptation of the 
method of Michael and Hornfeldt122. 	This involved the 
reaction of diethylcarbamoyl chloride with 2 equivalents 
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of the aryl lithiums at -78°C. 	Acid hydrolysis of the 
crude reaction mixture, work-up and chromatography gave 




H3C7 1Br  3.H3O 
(26/4) 





The aryl lithiums were prepared from the 
corresponding deuterioaryl bromides (262) and (263). 
These aryl bromides, (262) and (263), were prepared by an 
adaptation of the method of Renaud, Kovachic and 
Leitch123, as shown for (262) in Scheme 51. 	This method 
involves the diazotisation of the corresponding broino-
methylanilines (266) and (267) in deuteriohypophosphorus 
acid and deuterium oxide at -5°C. 	The deuterium content 
of (262) and (263) was found to be 92 and 93% 
respectively (see Appendix One). 
















H ç 3CBr H3 CJ; B H 	Br 
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(266) (262) 
erne 51 
2-Bromo-4-methylaflilifle (267) was available 
commercially and 2-bromo-6-methylaniline (266) was 
prepared from 3-toluic acid as shown in Scheme 52. 
H3C) )B 
(267) 
Finally, the ketones, (264) and (265), were 
converted to the amides (248) and (249) via the 
propenenitriles (258) and (259) in the usual manner. 
The % dideuteration of (248) and (249) was 92 and 94 
respectively. 
H3 C---91 
H 2 NHCOFh 
(2L8) 
H3 	 H3 
Hl'r~ H2NHCOPh 
(2L.9) 
H3C rCH3 H3  
H 	H2NHCOPh 	 H ___ H2N:CK 
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(270) 	 (271) 
H 3C- 1 H3  
H-NCTh 




















Application of the steady-state approximation to the 
intermediates (270) and (272), and assuming that the only 
rate constant which differs from the non-deuterated case 
is k'2(o) which is equal to k2(2)/x, gives equation (6); 
R = xk_1(Q) + k2(o) 	 (6) 
gi 	k...1(Q) + k2(0) 
where R is the non-deuterated ratio, (221a)/(221b), and 
R1 is the (271)/(273) ratio. 
Use of this equation predicts that R/R1 will be 
unity if k_1(Q) = U and R/R1 - x if the first step is a 
fast pre-equilibrium, k_1(2) 34 0 and >>k2(0-), 	In other 
words, if the first step is irreversible then the 
presence of the 2'-deuterium will not affect the 
(271)/(273) ratio but if this step is reversible then the 
presence of the 2'-deuterium will reduce the R' isomer 
ratio by a factor x. 
The value of R, the non-deuterated (221a)/(22ab) 
product ratio, was 2.47 (Discussion p.93) and 	taking 
the average of the above results gives R3- = 2.37 
(±10%). 	Thus, R/R' = 1.04 and so, we may assume that 
the first step in the cyclisation of nitrile ylides is 
irreversible, k_1 = 0. 	Taking a value of 5.0 for x, as 
before, and using the R/R' ratio calculated above gives 
k2/k_1 = 99, proving that k2 )>k_1. 
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Table Five 
	Product ratios from the cyclisation of 
benzonitrile 3,3-bis(6 1-deuterio-3'-
methylphenyl)allyl ylide (Scheme 55) 
Experiment 
a) 	I 	b) 
(275)/(277) ratio from 	 2.07 	2.12 
n.m.r. spectrum 
(275)/(277) ratio from 	 1.78 	2.31 
n.m.r. spectrum 
Average 	 1.93 	2.21 
In this case application of the steady-state 
approximation, to (274) and (276), and assuming that 
k'2() 	= k2()/x 	is the only rate constant affected by 
d'euterium labelling at the 	6 1 -position gives equation 
(7); 
R2 = xk_1() + k2() 
	
(7) 
R 	k....l(a) + k2() 
where R2 and R are the (275)/(277) and (221a)/(221b) 
ratios respectively. 	Once again, this equation predicts 
that if the first-step is irreversible (k_1 = 0) then the 
R2/R ratio will be unity whereas, if the first step is a 
fast pre-equilibrium (k_1 j4 0 and>).k2) then the presence 
of the 6'-deuterium atom will increase the R2/R ratio by 
a factor x. 
Taking the average of the values given in Table Five 
gives R2 = 2.07 (± 7%) and with R = 2.47 this gives 
R2/R = 0.84. 	With this value for R2/R and x = 5.0 we 
7 	 '5 	 5 	 r3 
gre56c.(271) 
B 	7 	
15 	 r3 	r2 
Eure56d. (273) 
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obtain k2/k_1 = 26. 	Once again we have shown that k2>> 
k_1 and so, the first step is essentially irreversible. 
Isolation of the individual benzazepines 
Preparative t.l.c. of the crude product mixture from 
the cyclisation of benzonitrile 3,3-bis(2t-deuterio-3'-
methylphenyl)allyl ylide (245), on silica, gave 
3_deuterio_5_(2'_deuterio_3'-rflethylpheflyl)-9-methyl-1-
phenyl-3H-2-benzazepine (271)(21%) and 6-deuterio-5-(2'-
deuterio-3 t -methylphenyl )-7-methyl-1-phenyl-3H- 
2-benzazepine (273)(8%) as yellow oils. 	The individual 
benzazepines were characterised by exact mass 
measurement, l} n.m.r. and mass spectra. 
The 1H n.m.r. spectrum of 3-deuterio-5-(2'-
deuterio-3 '-methylphenyl )-9-methyl-1-phenyl-3H-2-
benzazepine (271) (Fig. 56c) showed methyl singlets at 
52.01 and and 2.34, doublets at 63.08 (J=6.4Hz), 4.42 
(J=7.lHz) and 6.56 (6.7Hz) as well as an aromatic 
multiplet, 37.06-7.47 (llH). 	This spectrum confirmed 
the presence of the 3-deuterio and 9-methyl groups due to 
the coupling patterns of the seven-membered ring 
hydrogens and the presence of one shielded methyl group. 
The 1H n.m.r. spectrum of 6-deuterio-5-(2'-deuteriO- 
3'_methylphenyl)-7-methyl-1-phenYl-3--2--beflZaZePifle (273) 
(Fig. 56d) showed methyl singlets at 82.34 and 2.35, 
broad signals at 63.1 and 4.45 due to the c3-hydrogens, a 
triplet at 66.43 (J=6.9Hz) and aromatic multiplets at 
7.05-7.41(8H) and 7.52-7.57(2H). 	This spectrum 
confirmed the positions of the deuterio and methyl groups 
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due to the coupling patterns and the fact that the two 
methyl groups were in similar environments. 	Also, there 
was a signal due to the two deshielded ortho-protons of 
the 1-phenyl group which can exist in planarity with the 
imine double bond. 
Preparative t.l.c. of the crude product mixture from 
the cyclisation of benzonitrile 3,3-bis(6'-deuterio-3'-
methylphenyl)allyl ylide (246), on silica, gave 
3_deuterio_5-(6'-deuteriO-3'-methylphenyl)-7-methYl-4  
phenyl-3H-2-benzazepine (277) (4%) and 6-deuterio- 
benzazepine (275) (19%) as yellow oils. 	The individual 
benzazepines were once again characterised by exact mass 
measurement, 1H n.m.r. and mass spectra. 
1.2.6) 	Mechanism of cyclisation 
The primary aims of the work outlined so far were to 
study the cyclisation reactions of the thermally 
generated nitrile ylides (203), in order to compare their 
reactity with that of the diazo-compounds (204) and the 
nitrile ylides with ',/3-aromatic and p,  -olefinic 
double bonds (62). 
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x)3Th I 
H-NE Cr Ph - + 
(203) 
HNE C-Ph 1 )C  R 	: 	 - + 
(20L) 	 (62) 
As mentioned previously, the cyclisation of these 
nitrile ylides (203) occurs via a 1,7-ring closure which 
is in direct contrast to both the other systems. 	The 
diazo-compounds (204) cyclise via a 1,5-ring closure 
unless sterically forced to cyclise via a 
1,7-electrocyclisation, whereas the nitrile ylides (62) 
react via a carbene-like 1,1-cycloaddition to the alkene 
moiety. 
We chose to generate the nitrile ylides (203) via 
1,3-dehydrochlorination of the corresponding imidoyl 
chlorides (209) with potassium tert-butoxide in order to 
ensure that the nitrile ylide was reacting via its 
electronic ground state. 	Also, the 'H n.m.r. spectrum 
of the majority of the imidoyl chlorides (209) was 
obtained to ensure that no cyclisation took place during 
the chlorination stage and thus, that the products 
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obtained were the products of a nitrile ylide (203) 
cyclisation. 	Strong evidence for the intermediacy of a 
nitrile ylide (203) in these processes was the generation 
of an intense colour, in each case, upon addition of base 






All attempts to intercept the nitrile ylide (216) 
were unsuccessful. 	Trapping with dimethyl 
acetylenedicarboxylate and N-phenylmaleimide were 
unsuccessful because the traps reacted with the potassium 
tert-butoxide used to generate the nitrile ylide. 
Trapping with methano165 was also unsuccessful. 	In this 
case the nitrile ylide (216) was generated at -20°C and a 
faint red colouration was observed. 	After stirring for 
30s the reaction mixture was quenched with methanol. 
The only products obtained after stirring for 30 mins. 
followed by removal of the solvent were methyl 
N(3,3_diphenylprop_2_en_1_yl)benZimidate (278) and a 












(218) 	 (2) 
The expected product from the addition of methanol 
to a nitrile ylide (216) would be the imine (279)14,65. 
Also, attempts to obtain the infra-red spectrum of the 
nitrile ylide (216) were unsuccessful. 	Despite these 
unsuccessful attempts to trap the nitrile ylide (216) its 
involvement as an intermediate is supported by the use of 
a well established generation method and by the 
appearance and fading of the deep colouration 
characteristic for these species. 
The major question to be answered was that regarding 
the mechanism of 1,7-ring closure of these nitrile ylides 
(203) and how it differs from that of the isoelectronic 
diazo-compounds (204). 	This question must address the 
most striking difference in their behaviour, i.e. the 
difference in their periselectivity of cyclisation; the 
diazo-compound (204) prefers 1,5-electrocyclisation while 
the nitrile ylide (203) gives only 1,7-closure. 	To put 
this in perspective it has to be appreciated that the 
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difference in the activation energy between 1,5- and 1,7-
cyclisation for the diazo-compounds must be quite small 
since these species (204) can be diverted into the 1,7-
path by only fairly minor changes in stereochemistry 
(e.g. (204), R/R1 = (CH2)3). 	This difference between 
the diazo and nitrile ylide species could exist for two 
quite different reasons; (i) because of the operation of 
a completely different cyclisation mechanism in the two 
cases. 	Thus, all the evidence points to a true 1,7- 
electocyclisation for the diazo-compounds (280) but it is 
known that nitrile ylides, e.g. (62), can react via the 
carbene-like 1,1-cycloaddition mechanism, or (ii) both 
cyclisations may proceed via the same basic 
1,7-electrocyclisation mechanism with the the difference 
in periselectivity being due to a fairly minor difference 
in the properties of the two 1,3-dipoles, e.g. a 
difference in the energy required for in-plane bending. 
The latter could have a marked effect on periselectivity 
since 1,5-electrocyclisation requires a greater degree of 
bending of the dipoles than 1,7. 	(In both cases bending 
of the dipoles is destabilising since it involves 
disruption of the orthogonal double bond whose electrons 
then become localised as a lone-pair on the central 
nitrogen atom4). 
Consider (i) - the possibility that nitrile ylide 
cyclisation involves a 1,1-carbene type cycloaddition as 
the primary step. 	The deuterium labelling studies do 
show clear differences in mechanism, in the diazo case a 
rapid pre-equilibrium with the intermediate followed by 
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an irreversible H shift, and in the nitrile ylide (203) 
case an essentially irreversible first step preceding the 
H shift. 	This could point to a difference in the nature 
of the first step or could simply be due to the formation 
of the stronger C-C bond in the 1,7-electrocyclisation by 
the nitrile ylide. 	The substituent directive effects 
(Table Six) are, however, more revealing. 
Table Six 	Comparison of directive effects for the 
cyclisation of nitrile ylides (203) and 
diazo-compounds (280) 
Substituent, x 2 1/6' 	ratio for cyclisation of 
nitrile ylides 	diazo-compounds 
(203) 	 (280)117 
Me 2.47 3.62 
OMe 1.53 1.75 
Cl 2.10 2.73 
CF3 1.49 0.64 
(NB 	Control experiments have shown that the above 
product ratios are determined by kinetic control - no 
interconversion of the products occurs under the 
cyclisation conditions). 
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The values for the 2 1/6' ratio for (280) are those 
for the cyclisations in 1,2-dimethoxyethane which is the 
solvent of closest polarity to that of tetrahydrofuran, 
which was the solvent for the cyclisations of (203). 
Comparison of the figures in Table Six shows a 
strong similarity in all but one case. 	For X = Me, OMe, 
an Cl in both cases, (203) and (280), attack at the 2'-
position is preferred although the effect is considerably 
larger for X = Me in the diazo case (280). 	The only 
major .difference is observed for X = CF3 where the 
preferred site of attack is the 2'-position for nitrile 
ylides and the 6'-position for the diazo-compounds. 
The interpretation of the directive effects in the 
case of diazo cyclisations was made difficult by the fact 
that the cyclisation step is a pre-equilibrium which is 
followed by an irreversible hydrogen shift. 	The product 
ratio in these cases (280) will depend upon both the 
equilibrium constant for the cyclisation step and on how 
the substituents affect the rate of the hydrogen shift. 
However, for the nitrile ylides (203) the first step is 
irreversible and the directive effect must therefore be 























The problem then reduces to the question of whether 
or not these 21/6' ratios are compatible with a carbene-
like first step (Scheme 57) involving competition between 
carbene (281) addition to the 0/rn and rn/.2 positions 
giving (282) and (283) respectively. 	Little comparative 
data is available on carbenic substitution of aromatic 
systems but recent work by Shechter146 is informative 
(Scheme 58). 	Shechter has shown that the carbene (284) 
reacts with substituted aromatic systems (285) to give 
(286) by the mechanism shown. 	The carbene shows the 
expected electrophilic properties and the results for 
X = Cl, which induces predominantly p substitution are 
useful for comparison. 	The effects of Cl are clearly 
dominated by its strong - I effect which disfavours 
carbene addition to the 1,2- and 2,3-positions so that 
attack occurs predominantly at the 3,4-position to give 
the p isomer. 	This is quite different from the effect 
of Cl in (203) where o-attack is favoured. 	A carbene- 
type mechanism would thus imply that formation of 
intermediate (282) (x = ci) is favoured over intermediate 
(283) which is incompatible with Shechters results. 
Similarily, the a-directing effect of the electron 
withdrawing CF3 substituent in (203) is incompatible with 
attack by an electrophilic carbene. 	These substituent 
directive effects therefore support the conclusion that a 
carbenic 1,1-cycloaddition is not the primary step in the 
nitrile ylide (203) cyclisations. 
Thus, by implication, the nitrile ylide cyclisation 
Ph,Ph 	 Ph 	 P  
II ______________________________  
H2NHCOPh 	 HCOPh 	 IC 








must proceed via a 1,7-electrocyclisatiOn mechanism. 
This of course involves the whole 8 7t electron conjugated 
system and as an additional mechnistic probe it was 
thought to be of interest to block the conjugation and 
look at the reactions of (289). 
The amide (287) was prepared from N-benzoyl-3,3-
diphenylprop-2-en-1-ylamine (208a) by hydrogenation over 
10% palladium-on-activated carbon. 	The imidoyl chloride 
(288) was then prepared by chlorination of 
N-benzoyl-3,3-diphenylpropylamifle (287) with thionyl 
chloride (Scheme 59). 
The nitrile ylide (289) was generated, as usual, by 
the 1,3-dehydrochiorination of the imidoyl chloride (288) 
with potassium tert-butoxide. 	The addition of base was 
accompanied by the usual intense colouration which 
gradually faded. 	However, a complex product mixture was 
obtained from which no products could be isolated by 
chomatography. 	This suggests that conjugation is 
necessary for a "clean" intramolecular reaction in the 
nitrile ylide systems (203). 
As a whole these results favour a 1,7-electro-
cyclisation mechanism for the nitrile ylide 
cyclisation. 	However, no satisfactory explanation has 
been advanced for the predominantly 2-directing effects 
of the substituents (Table Seven) even ones with similar 
size, Me and CF3, but opposite inductive effects. 
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Table Seven 	Comparison of the 2 1/6'-attack ratios for 
nitrile ylide (203) cyclisations with the 
relative 0/p rates for radical phenyl-
ation128 and electrophilic aromatic 
chlorination'45. 
Substituent 2 1/6' 	ratio 	for 
nitrile ylide(203) 
cyclisation 





Me 2.47 2.6 1.6 
OMe 1.53 2.8 0.27 
Cl 2.10 2.08 0.29 
CF3 1.49 0.73 1.9 
[The values given in Table Seven for radical phenylation 
and electrophilic aromatic chlorination are those 
relating to attack on a monosubstituted benzene ring 
(285)]. 
The values for the 2 1/6' ratio are clearly 
incompatible with a cyclisation transition state whose 
stability is favoured by either a decrease or increase of 
electron density at the cyclisation site, 
electrophilic aromatic chlorination gives opposite 2/p. 
ratios for X = Me and X = MeO, Cl. 	However, it is 
notable that the 2 1/6' ratios for X = Me, MeO and Cl are 
in reasonable agreement with the 2/p_ ratios for radical 
phenylation, possibly suggesting a transition state for 
the cyclisation of the nitrile ylides (203) which has 
partial diradical character (Figure 60). 
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H 	H-NE CC- R 
	Ar1 	- rodjcts 
(3) 
The reasons why all substituents (electron 
withdrawing or donating) favour ortho-attack are still 
far from clear. 
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SECTION TWO 
SYNTHESIS OF DIBENZ[c,e]AZEPINES 
2.1) 	preamble 
BenzodiazepineS, such as diazepam (290), are widely 
used as 'anti-anxiety' drugs and are prescribed for 
nervousness or tension. 
CI CI 
(290) 	 (181.) 
Many thousands of benzodiazepine drugs have been 
synthesised but the profile of pharmacological action is 
very similar for all of them. 	Attempts to produce 
agents with even higher potency have included fusion of 
5-membered rings to the benzodiazepine nucleus and, more 
recently, replacement of the amide functionality by two 
sp2-hybridised carbon atoms to give a benzazepine system, 
such as (184). 	These benzazepine systems have also 
proved to be CNS active. 
Recent work by Gschwend and co-workers-24'125 has 
explored the synthesis and pharmacological potential of 
dibenz[c,e]azepines (293). 	The most successful of the 
synthetic routes to dibenz{c,e]azepines attempted is 







10 	 1.CNBr 
ct,j9 	 2.NH3 	Cl 
c ocI  
(296) 
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(293) was chosen on the basis of structure-activity 
relationships which showed that halogen substituents in 
these positions would give optimal pharmacological 
activity. 	This synthesis has five major steps and 
proceeds in an overall yield of greater than 60%. 	Key 
points in this synthesis include the use of the imine and 
methoxy groups in (291), as ligands for coordination to 
the magnesium during the nucleophilic displacement of the 
methoxy group. 	In addition, the imine acts as a 
carbonyl protecting group. 	After the nucleophilic 
displacement the carbonyl group is deprotected to give 
(292). 	cleavage of the benzylic amine followed by 
treatment with ethanolic ammonia gave the dibenzazepine 
(293) which was isolated as its methanesuiphonate salt. 







Very few other syntheses of fully unsaturated 
dibenz[c,e]aZepifleS have been reported but two syntheses 
of the unsubstituted dibenz[c,e]azepine (296) which have 
been reported involve: (i) the base catalysed 
elimination of methanesulphinic acid from the saturated 
dibenzazepine (295) (Scheme 62)126. 	The dibenzazepine 
(295) is readily available from 2,2'-bis(bromomethyl)-
biphenyl (294) and methanesuiphOflamide, and 
(ii) pyrolysis of 2,2'-di(azidomethyl)biPhenYl (297) in 




H 2 N3  Fh 
2977% 
Scheme 63 
In view of this new-found interest in 
dibenz[c,e]azepines and the relatively few synthetic 
routes to these compounds, and as a direct result of the 
work outlined earlier in this thesis indicating the 
apparent ease with which nitrile ylides cyclise onto 
aromatic rings, it was hoped to prepare some 









The required starting materials for the base - 
catalysed extrusion of HC1 would thus be the amides 
(298). 	Incorporation of different functionalgroups 
into the 7-phenyl group is thus a simple matter of 
preparing the corresponding amides (298). 
2.2) 	Synthesis of N-aroyl-2-phenylbenZYlamifleS 
The synthesis of N-benzoyl- and N-(2 1-chloro-
benzoyl)-2-phenylbenZylamifleS, (304) and (305) (Scheme 
64), and the cyclisation of benzonitrile 2-phenylbenzyl 
ylide (299; Ar = Ph) were carried out in conjunction 
with Miss Claire Struthers-Semple as part of an Honours 
project-29. 























benzylamines (304) and (305) were prepared in 6 steps 
from fluorenone in 37 and 39% overall yields, 
respectively. 
Most of the steps in these syntheses occur in 
excellent yield, the only relatively poor yielding step 
is the second step of the Gabriel reaction, the 
hydrazinolysis of the phthalamide (302) to give the amine 
hydrochloride (303). 	An attempt to improve the yield of 
the formation of the amine hydrochloride (303), which 
involved the tosylation of the alcohol (301) followed by 
nucleophilic displacement by ammonia, was unsuccessful. 
N-Benzoyl-2-phenylbenZylamine (304) was prepared by 
benzoylation of the amine hydrochloride (303) in pyridine 
and benzene whilst N-(2'-.chlorobenzoyl)-2--phenyl-
benzylamine (305) was prepared by treatment of the amine 
hydrochloride (303) with 2-chlorobenzoyl chloride in 
methylene chloride and saturated aqueous sodium carbonate 
at room temperature112. 	Both amides, (303) and (304), 
were obtained as crystalline white solids and (304) was 
characterised by elemental analysis, 1H and 13 C n.m.r., 
infra-red and mass spectra. 
2.3) 	Synthesis of dibenz[c,e]azepines 
Benzonitrile 2-phenylbenzyl ylide (299; Ar = Ph) was 
generated by 1,3-dehydrochiorination of the imidoyl 
chloride (306) with potassium tert-butoxide at 0°C. 	The 
addition of base was accompanied by the immediate 
appearance of a deep yellow colour, which faded slowly. 
The imidoyl chloride (306) was prepared from the amide 
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(304) by chlorination with phosphorus pentachioride in 
refluxing ether. 	The 1H n.m.r. spectrum (60MHZ) of the 
imidoyl chloride (306) shows a singlet at 64.95 (2H) and 
aromatic multiplets at 7.4-7.6(12H) and 8.05-8.2(2H). 
e,H 
(3)
: 9Th H-I E CR 
(306) 	
ci 	(299ArFh) 
Work-up of the reaction followed by chromatography 
gave 7-phenyl-5H-dibenz[c,e]aZepifle (307), the product of 
a 1,7-electrocyclisation followed by a sigmatropic 
[1,5]-H shift (Scheme 65), as a yellow solid, m.p. 
51.8-53.6°C (88% yield). 	This solid was characterised 
by elemental analysis of a picrate derivative, 'H and 13C 
n.m.r and infra-red spectra. 
The 13C n.m.r. spectrum of (307) shows a CH2 signal 
at 655.3 and a quaternary at 6168.3 for the imine carbon 
atom. 	The 1H n.m.r. spectrum shows doublets at ca.6 
3.94 (J=10.4Hz) and 4.91(J=10.4Hz) due to the 
C5-hydrogens and aromatic niultiplets at 7.25-7.60 (11H) 





IN a", -H 5 /3 
The preparation of the imidoyl chloride (308) from 
N_(2'_chlorobenzoyl)-2-PheflYlbeflZYlamifle (305) required a 
higher temperature and longer refluxing than the 
preparation of (306). 	This is probably due to the 
presence of the ortho-chloro atom. 	Generation of the 
nitrile ylide (299; Ar= 0-C106H4) at 0°C was again 
accompanied by the appearance of a deep purple colour 
which began to fade immediately. 	Work-up and 
chromatography gave 7-(2 '-chlorophenyl )-5H-
dibenz[c,e]azepine (309) in 37% yield. 
(305) 	




(309) 	 (299;Ar2-CtC5H4) 
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This dibenz[c,e]azepine (309) was characterised by 
exact mass measurement, 1H and 13C n.m.r., infra-red and 
mass spectra. 	Elemental analysis of a picrate 








Symbols and Abbreviations 
Instrumentation and Techniques 
A. PREPARATION OF STARTING MATERIALS 
SYNTHESIS OF 3,3-DIARYLPROPENENITRILES 
1) 	3,3-Diphenyipropenenitrile 











4) 	3,3-Bis(3 1-trifluoromethylphenyl)- 
propenenitr ile 
5) 	3-(2 '-Deuteriophenyl )-3-phenyl- 























a) 3-Methyl-2-nitroaniline 151 
b) 3-Bromo-2-nitrotoluene 152 
c) 2-Bromo-6-methylaniline 152 
d) Deuteriohypophosphorus acid 153 
e) 2-2H2-Amino-3-bromotoluene 153 
f) 2-Deuterio-3-bromotoluene 153 
g) 2,2 '-Dideuterio-3,3 '-dimethyl- 154 
benzophenone 
h) 3, 3-Bis (2 '-deuterio-3 '-methyl- 155 
phenyl )propenenitrile 
7) 	3,3-Bis(6 '-deuterio-3 '-methyiphenyl )- 
propenenitrile 
a) 4-2H2-Amino-3-bromotoluene 156 
b) 4-Deuterio-3-bromotoluene 156 
c) 6,6 '-Dideuterio-3,3 '-dimethyl- 156 
benzophenone 
d) 3,3-Bis(6'--deuterio-3 1 -methyl- 157 
phenyl )propenenitrile 
SYNTHESIS OF 3-HYDROXY-3,3-DIARYL- 
PROPANENITRILES 
3-Hydroxy-3 , 3-bis( 3' -trifluoro- 	 159 
methyiphenyl )propanenitrile 
3-Hydroxy-3 , 3-bis( 3' -chlorophenyl )-
propanenitrile 
a) 3,3'-Dichlorobenzophenone 	 160 
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b) 3-Hydroxy-3,3-bis(3'-chlorophenYl)- 160 
propanenitrile 






N-Benzoyl-3,3-bis(3 1-methoxyphenyl)- 164 
prop-2-en-1 -ylamine 
N-Benzoyl-3-(2'-deuteriophenyl)-3- 	164 
phenylprop-2--en-1-ylamine as an E/Z 
mixture 
5) N-Benzoyl--3,3-bis(2'-deuteriO-3'- 165 
methyiphenyl )prop-2-en-1-ylamine 
6) N-Benzoyl-3,3-bis(6'-deuterio-3'- 166 
methylphenyl )prop-2-en-1-ylamine 
7) N-Benzoyl-3 , 3-bis(3 '-trifluoromethyl- 
phenyl )prop-2-en-1-ylamine 
Attempted preparation from 3,3- 166 
bis-(3 '-trifluoromethyiphenyl )- 
propenenitrile 
Preparation from 3-hydroxy-3,3- 167 
bis-(3 '-trifluoromethyiphenyl )- 
propenenitrile 




SYNTHESIS OF OTHER STARTING MATERIALS 
N-Benzoyl--3 , 3-diphenyipropylamine 170 
B 	GENERATION AND REACTION OF BENZONITRILE 
3, 3-DIARYLALLYL YLIDES 
1) Benzonitrile 	3,3-diphenylallyl ylide 171 
2) Benzonitrile 	3,3-bis(3'-methylphenyl)- 172 
allyl ylide 
3) Benzonitrile 	3,3-bis(3'-methoxy- 173 
phenyl)allyl ylide 
4) Benzonitrile 	3-(2'-deuteriophenyl)- 174 
3-phenylallyl ylide as an E/Z mixture 
5) Benzonitrile 	3,3-bis(2'-deuterio-3'- 175 
methyiphenyl )allyl ylide 
6) Benzonitrile 	3,3-bis(6'-deuterio-31 - 177 
methylphenyl)allyl ylide 
7) Benzonitrile 	3,3-bis(3'-trifluoro- 178 
methyiphenyl )allyl ylide 
8) Benzonitrile 	3,3-bis(3'-chlorophenyl)- 179 
allyl ylide 
C 	MISCELLANEOUS REACTIONS 
Attempted deuteration of 1,5-diphenyl- 	181 
3H-2-benzazepine 
Exposure of 1-phenyl-9-(trifluoro- 	181 
methyl)-5-(3 '-trifluoromethyl-
phenyl)-3H-2-benzazepine to light 
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Exposure of 1-phenyl-7-(trifluoro- 	182 
methyl )-5-(3 '-trifluoromethyl--
phenyl)-3H-2-benzazepine to light 
Treatment of a mixture of 	 182 
(trifluoromethyl)benzazepines with 
potassium tert-butoxide 
Generation and reaction of benzo- 	183 
nitrile 3,3-diphenylpropyl ylide 




Generation and reaction of 2'-chloro- 	184 
benzonitrile 2-phenylbenzyl ylide 
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Symbols and Abbreviations 
M.P. 	 melting point 
b.p. 	 boiling point 
t.1.c. 	 thin-layer chromatography 
g.l.c. 	 gas-liquid chromatography 




5; 	d; 	t singlet; 	doublet; 	triplet 
q; m quartet, multiplet 
quat. quaternary 
J coupling constant 
5 chemical shift 
i.r. infra-red 
mass of molecular ion 
m/z mass to charge ratio 
sec.; 	mins.; 	h seconds; minutes; 	hours 





INSTRUMENTATION AND TECHNIQUES 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
'H N.m.r. spectra were obtained using; (i) Varian 
EM360 (60MHZ) and Bruker WP80 (80 MHz) spectrometers for 
routine samples; 	(ii) Bruker WP80 (80MHz), WP200 
(200MHZ) and WH360 (360MHZ) spectrometers for spectra of 
new compounds, variable temperature studies, and high 
resolution spectra. 	2H N.m.r. spectra were obtained 
using the Bruker WP200 (30.722MHZ) and WH360 (76.21MHZ) 
spectrometers. 	13C N.m.r. spectra were obtained 	using 
the Varian (CFT20), Bruker WP200 (50.32MHZ) or Bruker 
WH360 (90.5 MHz) spectrometers. 	Carbon multiplicity was 
established by distortionless enhancement by polarisation 
transfer (D.E.P.T.)130. 	19F N.m.r. spectra were 
obtained using the Bruker WP80 (75.39MHz) spectrometer. 
Spectra are recorded as 5 values for solutions in 
deuteriochloroform unless otherwise stated. 	The 
spectrometers were operated by Mr. J.R.A. Millar, Mr. 
L.H. Bell, Miss E. Stevenson, Dr. D. Reed and 
Dr. I.H. Sadler. 
Mass Spectrometry 
Mass spectra were obtained using an Associated 
Electrical Industries MS902 spectrometer operated by 
Mr. D. Thomas, or a Kratos MS50 spectrometer operated by 
Mr. A. Taylor. 
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Infra-red Spectroscopy 
Liquid samples were examined as thin films and solid 
samples as nujol mulls, on sodium chloride plates on a 
Perkin-Elmer 781 spectrometer. 	Samples in solution were 
examined in sodium chloride cells of path length 1mm. 
Spectra were calibrated with the polystyrene peak at 
1603cm-1. 
Elemental Analysis 
Microanalyses for carbon, hydrogen and nitrogen were 
carried out on a Perkin-Elmer model 240 analyser operated 
by Mr. J. Grunbaum, or a Carlo-Erba instrument at the 
University of St. Andrews, or a Carlo-Erba 1106 elemental 
analyser operated by Mrs. E. McDougall. 
Melting Points 
Melting points were determined using either a 
Gallenkamp melting point apparatus or a Reichert 
hot-stage microscope. 
Gas-liquid chromatography 
A Pye Series 104 chromatograph using a flame 
ionisation detector and nitrogen carrier gas gave 
analytical chromatograms. 	The column used had an 
internal diameter of 4mm and length 5' and was packed 
with a silicone oil stationary phase (OVl) supported on 
80-100 mesh celite. 
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Medium Pressure Liquid Chromatography'3  
Preparative separations were carried out using Merck 
silica gel 60 (40-60 1um), tap-fill packed in glass 
columns (250 x 15mm, 1000 x 15mm, 1000 x 25mm (Quickfit 
Ltd.)) fitted with solvent-resistant connectors and 
tubing (Jobling Corning) and safety valve (50 p.s.i. 
Nupro Guage Co. Ltd.). 	The samples were preadsorbed 
onto silica gel and packed into small (250 x 15mm) 
"pre-columns". 	The eluting solvent systems were based 
on petroleum ether 40/60 with varying amounts of ether or 
ethyl acetate. 	The solvent system was delivered at a 
flow rate of 5-20m1 min-1 from a diaphragm pump (Metering 
Pumps Ltd.), depending upon column size. 	The eluant was 
collected in an automatic fraction collector (Central 
Ignition Co. Ltd.) and the fractions were examined by 
thin layer chromatography. 
Thin Layer chromatography 
This was carried out on pre-coated 0.2mm sheets of 
alumina (Merck neutral aluminium oxide 60F, type E) or 
silica (Merck Kieselgel 60F) containing Woelm fluorescent 
green indicator. 	Components in the developed 
chromatogram were detected by their quenching of 
fluorescence under ultra-violet light, and their staining 
by iodine. 
Preparative Thin Layer chromatography 
This was carried out using 0.5mm layers of the above 
supports. 	After location of the components by the above 
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methods, the separate bands were scraped off and the 
products removed from the support by extraction with 
chloroform and methanol. 
Gravity Column chromatography 
This was carried out on alumina (Laporte Industries, 
Grade H 100/200 mesh) prepared to 6% deactivation, unless 
otherwise stated. 
Flash Chromatography132  
This was carried out using silica gel 60 (40-63 ,um), 
tap-filled 18" glass columns (10, 20 or 30mm) fitted with 
Teflon stopcock and topped with a 24/40 glass Quickfit 
joint, carrying a flow controller. 	The samples were 
either applied as a 20% solution in the desired eluant 
(petroleum ether 40/60 containing ether or ethyl acetate) 
or were preadsorbed onto silica gel 60 (40-63,um) from 
dichloromethane solutions. 	The columns were run at a 
rate at which the solvent head fell at 2.0 inches min', 
and the eluant was collected in appropriate fraction 
sizes, in 20mm x 15cm test-tubes. 	The fractions were 
examined by thin layer chromatography. 
Dry Column Flash chrornatography133  
This was carried out using silica gel (Fluka silica 
gel G; for thin layer chromatography) in porosity 3 
cylindrical sinters (30 x 45mm or 40 x 50mm). 	The 
samples were applied as solutions in the minimum volume 
of eluant (petroleum ether 40/60 containing either ether 
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or ethyl acetate). 	The products were eluted by adding 
succesive portions of increasing polarity solvent 
mixtures, allowing the column to be sucked dry after each 
addition. 	An increase of 5-10% in the more polar 
component was generally used to obtain the solvent 
gradient. 	The fractions were examined by thin layer 
chromatography. 
Drying 
Anhydrous magnesium sulphate was used to dry all 
organic solutions, unless otherwise stated. 
Purification of Solvents 
1,2-Dimethoxyethane was dried over potassium 
hydroxide, distilled from calcium hydride and stored over 
0 
molecular sieve 4A. 	Tetrahydrofuran was freshly 
distilled from calcium hydride and lithium aluminium 
hydride as required. 	Toluene and benzene were distilled 
over and stored over sodium wire. 	Diethyl ether was 
distilled over and stored over sodium wire then distilled 
from lithium aluminium hydride as required. 	Carbon 
tetrachloride, chloroform, dichloromethane and acetone 
were distilled from phosphorus pentoxide and stored over 
0 
molecular sieve 4A. 	Pyridine was dried as described by 
Voge1134 and stored over potassium hydroxide pellets. 
Petrol refers to the fraction of petroleum ether, 
b.p. 40-60°C. 
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A. PREPARATION OF STARTING MATERIALS 
SYNTHESIS OF 3, 3—DIARYLPROPENENITRILES 
3,3-Diphenylpropenenitrile 
This was prepared by the method of Maisey et 
al.110. Diethyl cyanomethylphosphonate (25g, 23ml, 
0.14mol) was added dropwise to a stirred suspension of 
sodium hydride (5.9g, 60% disperson in oil, 0.15mol) in 
1,2-dimethoxyethane (lOOmi) at 0°C, under dry nitrogen. 
The mixture was stirred for lh after the evolution of 
hydrogen had ceased and a solution of benzophenone 
(21.5g, 0.12mol) in 1,2-dimethoxyethane (25m1) was added 
dropwise. 	The mixture was stirred at room temperature 
for 2h then poured into water (500m1) and extracted into 
ether (4 x 50m1). 	The combined ether extracts were 
dried and evaporated under reduced pressure. 	Dry column 
flash chromatography, eluting with petrol : ethyl acetate 
(100 	0 to 30 : 70), gave 3,3-diphenyipropenenitrile 
(23.30g, 95%), m.p. 48-49°C (from methanol) (lit.110, 
48-49°); 	5H  (80MHZ; CDC13) 5.75 (1H,$) and 7.35-7.46 
(10H, m); i.r. (film) 2210 cm'- (CEN); m/z 206 (19%), 205 
(100), 204 (32), 203 (21), 178 (19), 165 (28). 
3,3-Bis(3 1 -methylphenyl)propenenitrile 
a) 	3-Methylbenzoyl chloride 
A mixture of 3-methylbenzoic acid (52.24g, 0.38mol) 
and thionyl chloride (140m1) was heated under reflux for 
6h. 	The thionyl chloride was removed by distillation at 
atmospheric pressure. 	Distillation of the residue gave 
3-methylbenzoyl chloride (45.35g, 76%), b.p. 107-109°C at 
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20mm Hg (lit. 135, 105°C at 20mm Hg); 6 	(60 MHz; CDC13) 
1.97 (3H,$), 6.85-7.15 and 7.35-7.60 (4H,m); i.r. (film) 
1760 cm-' (C=O). 
b) 	3,3 '-DimethylbenZophenOfle 
A mixture of 3-bromotoluene (10.28g, 60mmol) in 
tetrahydrofuran (50m1) and magnesium (1.6g, 68 mmol) was 
stirred under dry nitrogen, at room temperature, for 30 
mins. 	The mixture was then refluxed gently for 30 mins. 
and cooled to 0°C. 
3-Methylbenzoyl chloride (18.56g, 0.12 mol) in 
tetrahydrofuran (30m1) was stirred at -78°C, under dry 
nitrogen. 	The Grignard reagent was added to this 
solution, dropwise, via a double-tipped needle. 	The 
reaction mixture was maintained at -78°C throughout the 
addition, which took approx. lh. 	After the addition was 
complete the reaction mixture was allowed to warm to room 
temperature overnight. 
The reaction was quenched by the addition of water 
(150m1). 	The organic phase was separated and the 
aqueous layer extracted with ether (3 x 50m1). 	The 
combined organic layers were washed with 5M aqueous 
sodium hydroxide solution (2 x 50m1) and brine (2 x 
50m1). 	The organic layer was dried and evaporated under 
reduced pressure. 
Gravity chromatography on alumina, eluting with 
petrol : ethyl acetate (100:0 to 50:50), gave a 
colourless liquid which was distilled to give 
3,3'-dimethylbenzophenone (8.65g, 68%), b.p. 130-132°C at 
0.5mmHg, m.p. 39-42°C (lit.136, b.p. 230-235°C at 20mmHg, 
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m.p.451C); 6H(60MHz;CDC13) 2.4 (6H,$) and 7.3-7.73 
(8H,m); i.r. (nujol) 1660 cm-1 (C=O). 
C) 	3,3-Bis(3 1 -methylphenyl)propenenitrile 
This was also prepared by the method of Maisey et 
al.110, involving the addition of 
3,3'-dimethylbenzophenone (8.50g, 40mmol) in 
1,2-dimethoxyethane (15m1) to a mixture of diethyl 
cyanomethylphosphonate (8.52g, 48.1rnmol) and sodium 
hydride (2.2g, 60% dispersion in oil, 52.9mmol) at 0°C, 
under dry nitrogen. 
The usual work-up, followed by medium pressure 
liquid chromatography, eluting with petrol : ethyl 
acetate (100:0 to 30:70), gave a viscous pale yellow oil 
which solidified under high-vacuum. 	Recrystallisation 
gave white crystals of 3,3-bis-(3'-methylphenyl)-
propenenitrile (7.14g, 77%), m.p. 58-60°C (from petrol 
60-80) (Found : C,87.6 H, 6.5; N, 6.0. 	C17H15N 
requires C, 87.6; H, 6.4; N, 6.0%); 6H  (80MHz; CDC13) 
2.33 (6H, d. of d., J = 3 and 0.5Hz), 5.66 (1H,$), 
7.05-7.28 (8H,m); i.r. (film) 2210cm 1 (CEN). 
3) 	3,3-Bis(3 1 -methoxyphenyl)propenenitrile 
a) 	3-Methoxybenzoyl chloride 
This was prepared, as described above, by refluxing 
a mixture of 3-methoxybenzoic acid (4.7g, 3.1mmol) and 
thionyl chloride (35m1) for 6h. 	Distillation of the 
orange liquid residue, after removal of the thionyl 
chloride, gave 3-methoxybenzoyl chloride (4.990g, 95%), 
b.p. 150-152 0 c at 18mm Hg (lit.137, 242-243°C at 
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733mmH9); 6H  (80MHZ; CDC13) 3.84 (3H,$), 7.10-7.78 
(4H,m); i.r. (film) 1760cm-' (C=0). 
b) 	3,3 '-Dimethoxybenzophenone 
This was prepared, as described above, by the 
addition of the Grignard reagent prepared from 
3-bromoanisole (2.20g, 1.49m1, 11.77mmol), magnesium 
(0.31g, 12.75mmol) and tetrahydrofuran (30m1) to 
3-methoxybenzoyl chloride (4.002g, 23.5mmol) in 
tetrahydrofuran (50m1) at -78°C, under dry nitrogen. 
The usual work-up, followed by dry column flash 
chromatography, eluting with petrol : ethyl acetate 
(100:0 to 50:50), gave a colourless liquid. 
Distillation gave 3,3'-dimethoxybenzophenone (1.995g, 
70%), b.p. 140-145°C at 0.3mmHg (lit.138, 144-145°C at 
0.3rnmHg); i.r. (film) 1660 cm-1 (C=0). 
C) 	3,3-Bis(3 '-methoxyphenyl )propenenitrile 
This was prepared, as described above, by the method 
of Maisey et al.110, involving the addition of 
3,3'-dimethoxybenzophenone (1.964g, 8.1mmol) in 
1,2-.dimethoxyethane (lOmi) to a mixture of diethyl 
cyanomethyiphosphonate (1.73g, 1.58m1, 9.77mmol) and 
sodium hydride (0.45g, 60% dispersion in oil, 11.25mmol) 
in 1,2-dimethoxyethane (25m1) at 0°C, under dry nitrogen. 
The usual work-up, followed by dry column flash 
chromatography, eluting with petrol : ether (100:0 to 
30:70), gave a colourless liquid. 	Distillation gave 
3,3-bis(3 1 -methoxyphenyl)propenenitrile (1.872g, 87%), 
b.p. 202-204 0 c at 0.lmmHg (Found m/z 265.1100. 
C17H15NO2 requires m/Z 265.1103); SH (200MHz; CDC13) 4.06 
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(6H, d, J = 6.9 Hz), 6.00 (1H,$) and 7.09-7.66 (8H,m); 6c 
(50.32MHZ; CDC13) 55.2 (2 x CH3), 95.0 (olefinic CH), 
114.0 (CH), 114.7 (CH), 115.6 (CH), 115.7 (CH), 117.4 
(quat., CN), 120.7 (CH), 121.7 (CH), 129.4 (2 x CH), 
138.1 (quat.), 140.0 (quat.), 159.4 (quat.), 159.6 
(quat.) and 162.5 (quat.); i.r. (film) 2210 cm' (C N); 
m/z 266 (19%), 265 (100), 264 (10), 250 (7), 234 (17), 
219 (8), 190 (11). 
4) 	3,3-Bis (3'-trifluoromethylphenyl)propenenitrile 
This was prepared, as described above, by the method 
of Maisey et al.110, involving the addition of 
3,3-bis(trifluoromethyl)benzophenOfle (5g, 15.7 mmol) in 
1,2-dimethoxyethane (25m1) to a mixture of diethyl 
cyanomethyiphosphonate (3.35g, 3.06m1, 18.94 mmol) and 
sodium hydride (0.872g, 60% dispersion in oil, 21.81 
mmol) in 1,2-dimethoxyethane (40m1), at room temperature, 
under dry nitrogen. 
The usual work-up, followed by dry column flash 
chromatography, eluting with petrol : ether (100:0 to 
30:70), gave a colourless liquid. 	Distillation gave 
3,3-bis(3 1 -trifluoromethylphenyl)propeneflitrile (4.589g, 
86%), b.p. 194-196°C at 0.2mmHg, m.p. 84-86°C (Found : C, 
60.1; H, 2.6; N, 4.2. C17H9F6N requires C, 59.8; H, 2.7; 
N, 4.1%) (Found m/z 341.06392. 	C17H9F6N requires m/z 
341.0639);6H(200.13MHZ; CDC13) 5.88 (1H,$), 7.41-7.80 
(8H,m); 6c(50.32 MHz; CDC13) 98.0 (CH), 116.4 (quat.), 
120.8 (quat.), 124.7 (CH), 126.1 (CH), 127.3 (CH), 129.5 
(2 x CH), 131.5 (CH), 132.6 (CH), 137.0 (quat.), 138.9 
(quat.), 159.8 (quat.); 6F(75.39MHz; CDC13) -62.53, 
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-62.59; i.r. (nujol) 2220 (C 	N), 1615 and 1603 (C=C) 
cm-1; m/z 342 (32%), 341 (100), 322 (18), 272 (35), 252 
(55), 203 (18). 
5) 	3-(2'-Deuteriophenyl)-3-phenylpropenenitrile as an 
(E)/(Z) mixture 
2'-Deuteriobenzophenone tosyihydrazone 
This was kindly prepared by Dr. J.T. Sharp, via the 
lithiation of 2-bromobenzophenone tosylhydrazone'19 with 
methyl lithium followed by butyl lithium and quenching 
with deuterium oxide. 
2-Deuteriobenzophenone 
2-Deuteriobenzophenone tosyihydrazone (2.2g, 6.3 
rnmol) was dissolved in chloroform (80m1) and added 
slowly, with vigorous stirring, to ca. 10% sodium 
hypochlorite solution (130ml) and the reaction mixture 
was shaken for 4.5h. 
The chloroform layer was separated off and the 
aqueous phase extracted with chloroform (3 x 50m1). 	The 
combined organic layers were dried and evaporated under 
reduced pressure to give a yellow/orange semi-solid. 
Medium pressure liquid chromatography, eluting with 
petrol : ether (100 : 0 to 50 : 50), gave a pale yellow 
semi-solid. 	Distillation gave 2-deuteriobenzophenone 
(0.501g, 44%), b.p. 175-177°C at 9mm Hg (Found m/z 
183.0790. C13H9DO requires m/z 183.0794); 6 H 
(200.13MHZ; CDC13) 7.43-7.62 (6H,m), 7.78-7.82 (3H,m); 
i.r. (film) 1660 (C=0) cm-1;  m/z 184 (46%), 183 (88), 181 
(ii), 106 (100), 105 (93). 
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C) 	3-(2'-Deuteriophenyl)-3-phenylprOpefleflitrile as an 
(E)/(Z) mixture 
This was prepared, as described previously, by the 
method of Maisey et al.110, involving the addition of 
2-deuteriobenzophenone (0.463g, 2.53inmol) in 
1,2-dimethoxyethane (lOmi) to a mixture of diethyl 
cyanomethylphosphonate (0.54g, 0.49 ml, 3.04mmol) and 
sodium hydride (0.14g, 60% dispersion in oil, 3.5mmol) in 
1,2-dirnethoxyethane (lOml) at 0°C, under dry nitrogen. 
The usual work-up followed by dry column flash 
chromatography, eluting with petrol : ether (100:0 to 
30:70), gave a pale yellow liquid. 	Distillation gave 
3-(2'-deuteriophenyl)-3-phenylpropeflenitrile as an E/Z 
mixture (0.405g, 78%), b.p. 130-132°C at 0.2mmHg; i.r. 
(film) 2210 (CN), 1590 (C=C) cm-1; m/z 207 (17%), 206 
(100), 205 (59), 204 (22), 191 (13), 179 (17), 178 (12), 




This compound was prepared by the method of Tomisek 
et al.139 from 3-toluic acid. 	3-Toluic acid was 
nitrated, with fuming nitric acid, to give 2-nitro-3-
toluic acid (43%), in.p. 220-225°C (from ethanol) 
(lit.139, 213-220°C) which was then suspended in 
concentrated sulphuric acid and chloroform and reacted 
with sodium azide to give 3-methyl-2-nitroaniline (77%), 




This compound was prepared by an adaptation of the 
method of Geerling and Wibaut140 by the diazotisation of 
3-methyl-2-nitroaniline with sodium nitrite in 
hydrobromic acid in the presence of copper oxide and 
copper powder. Dry column flash chromatography, eluting 
with petrol : ether (100:0 to 50:50), gave pale yellow 
crystals which were distilled to give 
3-brojno-2-nitrotoluene (71%), b.p. 132-134°C at 12mmHg 
(lit.140, 152-154°C at 30mmHg). 
C) 2-Bromo-6-methylaniline 
To a mixture of 3-bromo-2-nitrotoluefle (10.12g, 
46.8mmol), iron powder (11.24g, 0.2mol), ethanol (60m1), 
and water (50ml) was slowly added concentrated 
hydrochloric acid (2m1, 36% w/w) and the reaction mixture 
was refluxed for 20h. 	The mixture was then made 
alkaline by the addition of 10% aqueous sodium hydroxide 
solution and was filtered through celite. 	The celite 
was washed with methylene chloride (3 x 25m1). 	The 
organic phase was separated and the aqueous phase 
extracted with methylene chloride (3 x 25m1). 	The 
combined organic layers were dried and the solvent 
removed by distillation at atmospheric pressure. 
Distillation of the red liquid residue gave 2-amino-3-
bromotoluene (6.351g, 73%) as a pale yellow liquid, b.p. 
124-127°C at 16mmHg (lit.141, 124-160°C at 36mmHg); i.r. 
(film) 3470, 3380 (N-H stretches), 1620 (NH2 bending), 
1590 (C=C) cm-1. 
153 
DeuteriohypophOsphOruS acid 
This was prepared by the method of Hammond and 
Grundemeier142 involving the exchange of hypophosphorus 
acid with deuterium oxide. 	Hypophosphorus acid (60m1, 
50% solution in water) was concentrated to constant 
weight on a high vacuum rotary evaporator at 20°C. 
Deuterium oxide (99.8 atom %) (34m1) was added and the 
solution allowed to stand, under dry nitrogen, at room 
temperature for 65h, after which the deuterium oxide was 
removed on a high vacuum rotary evaporator. 	This 
process was repeated twice and then deuterium oxide 
(34m1) was added to dilute the acid to 50 vol %. 
2-2H2-Amino-3-bromotoluene 
This was prepared by an adaptation of the method of 
Renaud, Kovachic and Leitch123. 	Deuterium oxide (lOml). 
containing one pellet of potassium hydroxide was added to 
2-bromo-6-methylaniline (7.851g, 42.2mmol). 	The mixture 
was refluxed, with vigorous stirring under dry nitrogen, 
for 2.5h. 	The organic layer was separated and the 
process repeated. 	Separation gave 2-2H2-amino-3-brorno- 
toluene (7.46g, 94%). 
2-Deuterio-3-bromotoluene 
This was prepared by an adaptation of the method of 
Renaud, Kovachic and Leitch123. 	2-2H2-amino--3-broInO- 
toluene (7.46g, 40inmol) was added to 50 vol % 
deuteriohypophosphorus acid in deuterium oxide (23m1) and 
deuterium oxide (12ml). 	The mixture was warmed until it 
became homogeneous and then cooled rapidly to -5°C. 	A 
solution of sodium nitrite (3.1g) in deuterium oxide 
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(4m1) was added slowly with vigorous stirring, so that 
the temperature was maintained at -50. 	After the 
addition was complete the solution was stirred at -5 0 for 
30 mins., then left standing at 0°C overnight. 
The reaction mixture was extracted with ether (3 x 
50m1) and the combined extracts were washed with water, 
sodium bicarbonate solution and finally water. 	The 
organic layer was dried and the solvent removed by 
distillation at atmospheric pressure to give a red 
liquid. 	Distillation gave 2-deuterio-3-bromotoluene 
(4.715g, 69%), b.p. 72-74°C at 13inmH9 (lit.143, 66-67°C 
atl2mmHg); 6H(200.13MHz; CDC13) 2.33 (3H,$), 7.09-
7.31(3H,m); i.r. (film) 1590 (C=C), 1570 and 1450 cm-1; 
m/z 173 (100%), 172 (28), 171 (100), 92 (92), 91 (21). 
%D enrichment 92% (See Appendix One). 
g) 	2,2'-Dideuterio-3,3'-dimethylbenzophenone 
This was prepared by an adaptation of the method of 
Michael and Hornfeldt122. 	2-Deuterio-3-bromotoluene 
(3.0g, 17.4mmol) was dissolved in tetrahydrofuran (lOml) 
and cooled to -78 0. 	n-Butyl lithium (14.7ml, 1.2M 
solution in hexanes, 17.64mmol) was added over a period 
of 5mins. and the reaction mixture was stirred at -780 
for 15mins. then -45 0 for 1.5h. 
Diethylcarbamoyl chloride (1.18g, 8.71mmol) in 
tetrahydrofuran (5m1) was added to the reaction mixture 
at -78 0 over a period of 5mins. and the mixture was 
allowed to warm to room temperature overnight. 
The solvent was removed under reduced pressure and 
the yellow oily residue treated with 5M aqueous 
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hydrochloric acid (50m1). 	The aqueous phase was 
extracted with ether (4 x 30m1) and the combined organic 
extracts were dried and evaporated under reduced 
pressure. 	Dry column flash chromatography, eluting with 
petrol:ether (100:0 to 97.5:2.5), gave a pale yellow 
liquid. 	G.l.c. (2.5% Ov1) showed only one component. 
Distillation gave 2,2'-dideuterio-3,3'-dimethyl- 
benzophenone (0.90g, 49%), b.p. 132-136°C at lmmHg (Found 
m/z 212.1170. C15H12D20 requires m/z 212.1170); bH 
(200.13MHZ; CDC13) 2.41 (6H,$), 7.25-7.63(6H,m); i.r. 
(film) 1660 (C=O) cm-1; m/z 213 (7%), 212 (43), 197 (10), 
121 (10), 120 (100), 92 (29). 
h) 	3,3_Bis(2 1 _deuterio_3 1 _methylphenyl)prOpefleflitrile 
This was prepared, as described previously, by the 
method of Maisey et al.110, involving the addition of 
2,2 1 _dideuterio-3,3'-dimethylbenZopheflOfle (0.9g, 4.24 
mmol) in 1,2-dimethoxyethane (lOmi) to a mixture of 
diethyl cyanomethylphosphonate (902mg, 5.09mmol) and 
sodium hydride (224mg, 60% dispersion in oil, 5.6mmol) in 
1,2-dirnethoxyethane (lOmi) at room temperature, under dry 
nitrogen. 	The reaction mixture was stirred for 4h at 
room temperature. 
The usual work-up, followed by dry column flash 
chromatography, eluting with petrol:ether (100:0 to 
75:25) gave a pale yellow liquid. 	Distillation gave 
3,3_bis(2'-deuterio-3 1 -methylphenyl)proPefleflitrile 
(596mg, 60%), b.p. 175-179°C at 0.6mmHg (Found m/z 
235.1327. C17H13ND2 requires m/z 235.1330); 6H 
(200.13MHZ; CDC13) 2.36 (6H,d,J7.5HZ), 5.69 (1H,$), 
156 
7.06-7.38 (6H,m); i.r. (film) 2210 (CEN) cm-1; m/z 236 
(6%), 235 (34), 234 (13), 233 (4), 220 (15), 219 (4), 205 
(5), 120 (5), 69 (100). 
7) 	3,3_Bis(6 1 _deuterio-3'-methylpheflyl)PrOpeneflitrile 
a) 	4-2H2-Amino-3-bromotoluene 
2-Bromo-4-methylaflilifle (7g, 37.6mmol) was exchanged 
with deuterium oxide using the procedure described for 
2-2H2-amino-3-bromotolUene. 	Separation gave 4-2H2- 
amino-3-bromotoluene (5.7g, 80%). 
b) 4-Deuterio-3-bromotOlUefle 
This was prepared by the deamination of 4-2H2- 
amino-3-bromotoluene in deuteriohypophosphorus acid by 
the same procedure as described for 2-deuterio-3- 
bromoto1uene-23. 	Distillation gave 4-deuterio-3- 
bromotoluene (4.473g, 86%), b.p. 76-80°C at 13minHg; 
6H(200.13MHZ; CDC13) 2.34 (3H,$), 7.12-7.35 (3H,m); i.r. 
(film) 1600, 1585 (C=C) cm-1; m/z 174 (12%), 173 (100), 
172 (25), 171 (100), 170 (17), 92 (100), 91 (17). 	%D 
enrichment 92.6% (See Appendix One). 
C) 	6,6'-Dideuterio-3,3'-dimethylbenZOpheflofle 
This was prepared, as described previously, by an 
adaptation of the method of Michael and Hornfeldt122. 
n-Butyl lithium (14.7in1, 1.2M solution in hexanes, 
17.64mmol) was added slowly to a solution of 
4-deuterio-3-bromotoluene (3.0g, 17.4mmol) in 
tetrahydrofuran (lOml) at -780, under dry nitrogen. 	The 
reaction mixture was stirred for 15 mins. at -78 0 
followed by lh at -45 0 before cooling to -780. 
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DiethylcarbamOyl chloride (1.18g, 8.7mmol) in 
tetrahydrofuran (3ml) was added slowly at -78 0 and the 
reaction mixture allowed to warm to room temperature 
overnight. 
The usual work-up followed by dry column flash 
chromatography, eluting with petrol:ether (97.5:2.5), 
gave a pale yellow liquid. 	Distillation gave 6,6'- 
dideuterio-3,3'-dirnethylbenzophenone (0.698g, 38%), b.p. 
180-185°C at 13rnmHg (Found m/z 212.1170. 	C15H12D20 
requires m/z 212.1170); 6H  (200.13 MHz; CDC13) 2.42 
(6H,$), 7.25-7.63 (6H,m); i.r. (film) 1660 (C=O) cm-; 
m/z 213 (7%), 212 (40), 121 (9), 120 (100), 92 (33), 69 
(64). 
d) 	3,3-Bis(6'-deuterio-3'-methylphenyl)propeflenitrile 
This was prepared, as described previously, by the 
method of Maisey et al.110, involving the addition of 
6,6'-dideuterio-3,3'-dimethylbenZopheflofle (674mg, 
3.17mmol) in 1,2-dimethoxyethane (3m1) to a mixture of 
diethyl cyanomethylphosphonate (680mg, 3.84mmol) and 
sodium hydride (180mg, 60% dispersion in oil, 4.25mmol) 
in 1,2-dimethoxyethane (lOml), at room temperature under 
dry nitrogen. 	The reaction mixture was stirred 
overnight at room temperature. 	G.L.C. (2.5% Ovl) showed 
only one component. 
The usual work-up followed by distillation gave 
3,3-bis(6'-deuterio-3'-methylphenyl)propenenitrile 
(740mg, 99%), b.p. 160-164°C at O.lmmHg (Found m/z 
235.1331. C17H13ND2 requires m/z 235.1330); 6H  (200.13 
MHz; CDC13) 2.36 (6H, d, J 7.6Hz), 5.69 (1H,$), 7.10-7.31 
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(6H,m); i.r. (film) 2210 (CE N) cm'; m/z 235 (70%), 220 
(89), 205 (68), 191 (63), 131 (56), 116 (100), 92 (93), 
89 (64). 
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SYNTHESIS OF 3-HYDROXY-3, 3-DIARYLPROPANENITRILES 
1) 	3-Hydroxy-3,3-bis(3 1 -triflUOromethylPheflYl)- 
propanenitr ile 
This was prepared by the method of Kaiser and 
Hauser'15. 	n-Butyl lithium (4.1ml, 1.5M solution in 
hexane, 6.15mmol) was cooled to -780 , under dry nitrogen, 
and a solution of acetonitrile (0.23g, 5.6mmol) in 
tetrahydrofuran (2m1) was added over a period of 10 
mins. 	The reaction mixture was stirred at -780 for lh 
after the addition was complete. 	To the resulting white 
suspension, at -78 0, was added, over a period of 5 mins., 
a solution of 3,3'-bis(trifluoromethyl)benzophenone 
(1.74g, 5.46mmol) in tetrahydrofuran (2m1). 	The cold 
bath was then removed and the solution stirred for 15 
mins. before pouring into ice-water-dilute hydrochloric 
acid (20ml). 	The organic layer was separated and the 
aqueous phase was extracted with ether (3 x lOmi). 	The 
combined organic layers were dried and evaporated under 
reduced pressure. 
Dry column flash chromatography, eluting with 
petrol:ether (100:0 to 30:70) gave 3-hydroxy-3,3-bis(3'-
trifluoromethylphenyl)propanenitrile as a pale yellow oil 
(1.79g, 91%) (Found m/z 359.0733. C17H11N0F6 requires m/z 
359.0745); 6H  (200.13 MHz; CDC13) 3.30 (2H,$), 3.32 (lH, 
brd. S, OH), 7.46-7.71 (8H, m); 6c (50.32 MHz; CDC13) 
32.4 (CH2), 75.9 (quat.), 115.5, 116.1, 120.9, 122.4, 
125.4, 126.4, 129.1, 129.4, 129.9, 130.3, 131.0, 131.6, 
131.8, 132.3 (all signals complicated by fluorine 
coupling), 144.0 (2 x quat.); 6F (75.39 MHz; CDC13) 
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-62.42, -62.41, -62.40; i.r. (film) 3420 (OH), 2260 
(CEN), 1615 and 1595 (c=c) cm-1; m/z 359 (1%), 340 (10), 
320 (17), 319 (100), 181 (13), 173 (68), 145 (36), 131 
(20), 119 (17). 
2) 	3-Hydroxy-3,3-bis(3 '-chlorophenyl )propanenitrile 
a) 3,3'-Dichlorobenzophenone 
A mixture of 3-bromochlorobenzene (2.92g, 15.27mmol) 
and magnesium (0.408g, 16.8mmol) in tetrahydrofuran 
(15m1) was stirred, under dry nitrogen, at room 
temperature for 30 mins. 	The mixture was then refluxed 
for 1.5h and allowed to cool to room temperature. 
3-Chioroberizonitrile (2g, 14.54inmol) in 
tetrahydrofuran (5ml) was then added and the reaction 
mixture was refluxed for 20h. 	After cooling to room 
temperature the reaction mixture was poured into 25% 
aqueous ammonium chloride solution (25m1). 	The organic 
phase was separated and the aqueous phase was extracted 
with ether (3 x 20m1). 	The combined organic layers were 
dried and evaporated under reduced pressure to give a 
brown solid. 	Recrystallisation from petrol 60/80 
toluene gave 3,3'-dichlorobenzophenone (1.35g, 37%), m.p. 





This was prepared, as described above, by the method 
of Kaiser and Hauser115. 	n-Butyl lithium (4.9ml, 1.2M 
solution in hexane, 5.88inmol) was cooled to -78 0 , under 
dry nitrogen, and a solution of acetonitrile (0.22g, 
161 
5.36mmol) in tetrahydrofuran (3m1) was added over a 
period of 10 mins. 	The reaction mixture was stirred at 
-78 0 for 75 mins. after the addition was complete. 	To 
the resulting white suspension, at -780, was added, over 
a period of 5 mins., a solution of 3,3'-dichloro-
benzophenone (1.30g, 5.18mmol) in tetrahydrofurari 
(5m1). 	The cold bath was then removed and the solution 
stirred for a further 10 mins. before pouring into ice-
25% aqueous ammonium chloride solution (20ml). 
The usual work-up followed by dry column flash 
chromatography, eluting with petrol : ether (100:0 to 
30:70) gave a pale yellow oil. 	Trituration with petrol 
gave a pale yellow solid. 	Recrystallisation from petrol 
60/80 : toluene gave 3-hydroxy-3,3-bis(3'-chlorophenyl)-
propanenitrile (0.594g, 39%), in.p. 100-101°C (Found : C, 
61.4; H, 3.7; N, 4.8. C15H11C120N requires C, 61.7; H, 
3.8; N,4.8%) (Found m/z 293.0181. C15H11C120N requires 
m/z 293.0188); 6H  (200.13MHZ; CDC13) 3.11 (lH, brd. s, 
OH), 3.23 (2H, CH2), 7.21-7.40 (8H,m); 6c(50.32MHz;CHC13) 
32.4 (CH2), 75.8 (quat.), 116.2 (quat.), 123.8 (2 x CH), 
126.0 (2 x CH), 128.6 (2 x CH), 130.0 (2 x CH), 134.9 (2 
x quat.), 145.2 (2 x quat.); m/z 293 (3%), 291 (2%), 253 
(23), 139 (100), 111 (79), 75 (53). 
SYNTHESIS OF N-BENZOYL-3 ,3-DIARYLPROP-2-EN-1-YLAMINES 
1). 	N-Benzoyl-3 , 3-diphenylprop-2-en-1-ylainine 
This was prepared by an adaptation of the method of 
Maisey et al.11O. 	3,3-Diphenylpropenenitrile (5.00g, 
24.4m]nol) in ether (30m1) was added dropwise at -45°C, 
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under dry nitrogen, to a suspension of lithium aluminium 
hydride (3.5g, 92mmol) in ether (150m1). 	The reaction 
mixture was stirred for lOh at 45 0 before quenching at 
_450 with saturated aqueous sodium sulphate solution. 
After allowing the reaction mixture to warm to room 
temperature overnight the organic phase was separated and 
the aqueous phase was extracted with ether (3 x 50m1). 
The combined organic layers were dried and evaporated 
under reduced pressure. 
The crude reaction mixture (4.75g) was dissolved in 
benzene (70ml) and pyridine (lOmi) and benzoyl chloride 
(5.3m1, 6.42g, 45.7inmol) was added. 	This mixture was 
refluxed for 45 mins. and after allowing to cool was 
poured into water (250ml) and the organic layer was 
separated. 	The aqueous phase was extracted with benzene 
(2 x 50m1). 	The combined organic layers were washed 
with 10% aqueous sodium bicarbonate solution (50m1) then 
dried and evaporated under reduced pressure. 
Dry column flash chromatography, eluting with 
petrol:ethyl acetate (100:0 to 30:70), gave a pale yellow 
solid. 	Recrystallisation gave white crystals of 
N-benzoyl-3,3-diphenylprop-2-en-1-ylamifle (3.622g, 47%), 
in.p. 145-146.5°C (from ethanol) (Found : C, 84.2; H, 6.2; 
N, 4.3. C22H19N0 requires C, 84.3; H, 6.1; N, 4.5%) 
(Found m/z 313.1458. C22H19N0 requires m/z 313.1467). 
For spectral characteristics see Appendix Two. 
2) N_Benzoyl_3,3-bis(3'-methylpheflyl)prOp-2--1-en  
3,3-Bis(3 1 -methylphenyl)prOpefleflitrile (2.0g, 8.6 
mmol) in ether (20ml) was added, at -45°C under dry 
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nitrogen, to a suspension of lithium aluminium hydride 
(2.3g, 60mmol) in ether (100ml)110. 	The reaction 
mixture was stirred at -45°C for 10h and was quenched, at 
_450, by the addition of saturated aqueous sodium 
sulphate solution. 	The organic phase was separated and 
the aqueous phase extracted with ether (4 x 50m1). 	The 
combined organic phases were dried and evaporated under 
reduced pressure to give a yellow/orange oil. 	Flash 
chromatography on 6% deactivated alumina, eluting with 
petrol : ethyl acetate (100:0 to 0:100) gave 3,3-bis(3'-
methylphenyl)prop-2--en-1-ylamine as a yellow oil (1.35g, 
66%); 6H  (80.13MHZ; CDC13) 1.45 (2H, brd. s, NH2), 2.34 
(6H, d, J 3.4 HZ), 3.36 (2H, d, J 6.9Hz), 6.13 (lH, t, J 
6.9Hz), 6.94-7.38 (8H, m); i.r. (film) 3370, 3290 (N-H 
stretch), 1600, 1580 cm-. 
3,3_Bis(31 _methylphenyl)prop-2-en-1-ylamifle (0.797g, 
3.4minol), benzoyl chloride (0.60m1, 0.72g, 5.1mmol), 
methylene chloride (15ml) and saturated aqueous sodium 
carbonate solution (lOml) were mixed and stirred at room 
temperature for 23h. 	The organic phase was then 
separated and the aqueous phase extracted with methylene 
chloride (2 x 15m1). 	The combined organic layers were 
washed with 10% aqueous sodium bicarbonate solution (2 x 
25m1), dried and evaporated under reduced pressure to 
give an orange oil. 	Dry column flash chromatography, 
eluting with petrol : ethyl acetate (100:0 to 30:70)., 
gave N-benZoyl-3,3-bis(3'-methylphenyl)prOp-2-en-1-
ylamine as an orange oil (0.625g, 55%) (Found m/z 
164 
341.1784. C24H23N0 requires m/z 341.178). 
For spectral characteristics see Appendix Two. 
N_Benzoyl-3,3-J(3'-IflethOXYPheflyl)ProP-2--1-Ylamifle 
This was prepared, as described previously, by an 
adaptation of the method of Maisey et al.110. 
3,3-Bis(3 1-methoxyphenyl)propenenitrile (0.511g, 1.93 
minol) in ether (15m1) was added, with stirring under dry 
nitrogen, to a suspension of lithium aluminium hydride 
(0.589g, 15.5mmol) in ether (30m1) at -45°C. 	The 
reaction mixture was stirred at -45 0 for 6h and was 
quenched, at -45 0, by the addition of saturated aqueous 
sodium sulphate solution. 	The usual work-up gave an oil 
(0.433g) which was dissolved in methylene chloride (lOmi) 
and saturated aqueous sodium carbonate solution (10ml). 
To this mixture benzoyl chloride (0.41m1, 0.497g, 3.5 
mmol) was added and the reaction mixture was stirred for 
73h at room temperature. 
The usual work-up followed by dry column flash 
chromatography, eluting with petrol : ethyl acetate 
(100:0 to 30:70), gave N-benzoyl-3,3-bis(3'-methoxy-
phenyl)prop-2-en-1-ylamine as a yellow oil (0.463g, 64%) 
(Found m/z 373.1681. C24H23NO3 requires m/z 373.1678). 
For spectral characteristics see Appendix Two. 
N-Benzoyl-3-(2'-deuteriophenyl)-3-PhenY1PrOP-2--1-
ylamine as an E/Z mixture 
This was also prepared by an adaptation of the 
method of Maisey et al.110. 	3-(2'-Deuteriophenyl)-3- 
phenyipropenenitrile (176mg, 0.85mmol) in ether (lUnd) 
was added, with stirring under dry nitrogen, to a 
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suspension of lithium aluminium hydride (0.30g, 7.91mmol) 
in ether (20ml) at -45°C. 	The reaction mixture was 
stirred at -45°C for 7h and was quenched, at -45°, by the 
addition of saturated aqueous sodium sulphate solution. 
The usual work-up gave an oil (183mg) which was dissolved 
in methylene chloride (lOmi) and saturated aqueous sodium 
carbonate solution (lOmi). 	Benzoyl chloride (0.152in1, 
0.184g, 1.31mmol) was added and the reaction mixture was 
stirred for 64h at room temperature. 
The usual work-up followed by dry column flash 
chromatography, eluting with petrol : ether (100:0 to 
30:70), gave a white solid. 	Recrystallisation from 
ethanol gave (E)/(z)-N-benzoyl-3-(2'-deuteriophenyl)-3-
phenylprop-2-en-1-ylamine (103mg, 39%), m.p. 143-144.5°C 
(Found m/z 314.1527. C22H18DN0 requires m/z 314.1529); 
%D enrichment 96% (See Appendix One). 
For spectral characteristics see Appendix Two. 
5) N_Benzoyl_3,3_(2'_deuteriO-3'-methy1Phefly1)PrOP-
2-en-1-ylamine 
This was also prepared by the method of Maisey et 
al.110. 	3,3-Bis(2'-deuterio-3t-methylphenyl)prOpefle- 
nitrile (728g, 3.09mmol) in ether (5m1) was added, with 
stirring under dry nitrogen, to a suspension of lithium 
aluminium hydride (1.17g, 30.8nimol) in ether (20rnl) at 
-45°C. 	The reaction mixture was stirred at -45 0 for 8h 
and was then quenched, at -45 0, by the addition of 
saturated aqueous sodium sulphate solution. 	The usual 
work-up gave an oil (0.717g) which was dissolved in 
methylene chloride (5ml) and saturated aqueous sodium 
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carbonate solution (5m1). 	Benzoyl chloride (0.5ml, 
0.606g, 4.3mmol) was added and the reaction mixture was 
stirred for 16h at room temperature. 
The usual work-up followed by dry column flash 
chromatography, eluting with petrol : ether (100:0 to 
30:70), gave N-benzoyl-3,3-bis(2'-deuterio-3'-methyl-
phenyl)prop-2-en-1--ylamine as a yellow oil (0.64g, 58%) 
(Found m/z 343.1911. C24H21D2N0 requires m/z 343.1905); 
%D dideuteration 92% (See Appendix One). 
For spectral characteristics see Appendix Two. 
N-Benzoyl-3,3-bis(6'-deuterio-3'-methylphenyl)prop-2-
en-1 -ylaniine 
This was prepared from 3,3-bis(6'--deuterio-3'-
methylphenyl)propenenitrile (712mg, 3.03 mmol) by the 
same procedure as described for N-benzoyl-3,3-bis(2'- 
deuterio-3'-methylphenyl)prop-2-en-1-ylamine. 	Dry 
column flash chromatography, eluting with petrol : ether 
(100:0 to 20:80), gave N-benzoyl-3,3-bis(6'-deuterio-3'-
methylphenyl)prop-2-en-1-ylamine as a yellow oil (0.56g, 
52%) (Found m/z 343.1900. C24H21D2N0 requires m/z 
343.1905); %D dideuteration 94% (See Appendix One). 
For spectral characteristics see Appendix Two. 
N-Benzoyl-3,3-bis(3'-trifluoromethylphenyl)prop-2-en-
1-ylamine 
a) 	Attempted preparation from 3,3-bis(3'- 
trifluoromethylphenyl )propenenitrile 
3, 3-Bis (3 t -trifluoromethyiphenyl )propenenitrile 
(1.9g; 5.57rrnnol) in ether (20m1) was added dropwise to a 
suspension of lithium aluminium hydride (2.32g; 61.1rnmol) 
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in ether (lOOmi), with stirring under dry nitrogen, at 
-45 0C110. 	The reaction mixture was stirred at 450 for 
10.5h and was quenched, at -45 0, by the addition of 
saturated aqueous sodium sulphate solution. 	The usual 
work-up gave an oil (1.98g) which was dissolved in 
methylene chloride (20ml) and saturated aqueous sodium 
carbonate solution (20m1). 	Benzoyl chloride (0.74ml, 
0.89g, 6.3mmol) was added and the reaction mixture was 
stirred for 16h at room temperature. 	The usual work-up 
followed by dry column flash chromatography, eluting with 
petrol : ether (100:0 to 30:70) gave N-benzoyl-3,3-
bis(3 1 _trifluorolnethylphenyl)prOpylarfline as a pale yellow 
oil (1.70g, 68%) (Found m/z 451.1354. C24H19N0F6 
requires m/z 451.1371); 6H  (80.13MHZ; CDC13) 2.39 (2H, 
q, J 7Hz), 3.38 (2H, q, J 7Hz), 4.11 (1H,t, J 7Hz), 6.44 
(lH, brd. s), 7.23-7.72 (13H, m); i.r. (film) 3320 (NH), 
1640 (C=O), 1605 (C=C) cm-1. 
b) 	Preparation from 3-hydroxy-3,3-bis(3 1 -triflUOrO- 
methylphenyl )propanenitrile 
3-Hydroxy-3 , 3-bis (3' -trifluoromethylphenyl )propane-
nitrile (1.79g, 4.98mmol) in ether (lOmi) was added, with 
stirring under dry nitrogen, to a suspension of lithium 
aluminium hydride (0.57g, 15mmol) in ether (25ml) at 0°C 
and the reaction mixture was stirred at 0°C for 30 mins. 
followed by 90 rnins. at room temperature. 	The reaction 
mixture was quenched at 00 by the addition of water and 
the mixture was poured into 10% aqueous sodium hydroxide 
solution (25ml). 	The organic phase was separated and 
the aqueous phase extracted with ether (3 x 10ml). 	The 
combined organic phases were dried and evaporated under 
reduced pressure to give a pale yellow oil (1.68g, 93%). 
This oil (1.49g) was dissolved in trifluoroacetic 
acid (35m1) and refluxed, with stirring under dry 
nitrogen, for 48h. 	The solution was allowed to cool to 
room temperature and the solvent was removed under 
reduced pressure. 	The residual red oil was treated with 
20% aqueous sodium hydroxide solution (20m1) and the 
aqueous phase was extracted with ether (3 x 20ml). 	The 
combined organic layers were dried and evaporated to give 
a brown oil (1.363g) which was dissolved in methylene 
chloride (7m1) and saturated aqueous sodium carbonate 
solution (7m1). 	Benzoyl chloride (0.5m1, 0.61g, 
4.33mmol) was added and the reaction mixture stirred for 
22h at room temperature. 
The usual work-up followed by dry column flash 
chroxnatogrpahy, eluting with petrol : ether (100:0 to 
30:70) gave a yellow solid. 	Recrystallisation from 
petrol 60/80:toluene gave white crystals of N-benzoyl-
3, 3-bis (3' -trifluoromethylphenyl )prop-2-en-1-ylamirie 
(1.142g, 62%), m.p. 114.5-115.5°C (Found:C, 64.4; H, 3.8; 
N, 3.2. C24H17N0F6 requires C, 64.1; H, 3.8; N, 3.1%) 
(Found m/z 449.1216. C24H17N0F6 requires m/z 449.1214). 
For spectral characteristics see Appendix Two. 
8) N_Benzoy1_3,3_(3'-chlorOpheflYl)ProP-2--1-Ylamine 
3-Hydroxy-3 , 3-bis (3' -chlorophenyl )propanenitrile 
(480mg, 1.64mmol) in ether (5rnl) was added, with stirring 
under dry nitrogen, to a suspension of lithium aluminium 
hydride (197 mg, 5.2mmol) in ether (5m1) at 0°C and the 
mixture was stirred at 00 for 15 mins. followed by 105 
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mins. at room temperature. 	The reaction was quenched at 
00 by the addition of water (5m1) and then 20% aqueous 
sodium hydroxide solution (20m1). 	The organic phase was 
separated and the aqueous phase extracted with ether (3 x 
15m1). 	The combined organic phases were dried and 
evaporated under reduced pressure to give a pale yellow 
oil (470mg, 97%); i.r. (film) 3370, 3290 (NH), 3120 
(brd., OH), 1595 and 1570 cm-1. 
This pale yellow oil (470mg) was dissolved in 
trifluoroacetic acid (25m1) and refluxed, under dry 
nitrogen, for 45h. 	The reaction mixture was allowed to 
cool and the solvent was removed under reduced pressure. 
The brown residue was treated with 20% aqueous sodium 
hydroxide solution (15m1). 	The organic phase was 
separated and the aqueous phase extracted with ether (3 x 
20m1). 	The combined organic phases were dried and 
evaporated under reduced pressure to give a brown oil 
which was dissolved in methylene chloride (5m1) and 
saturated aqueous sodium carbonate solution (5m1). 
Benzoyl chloride (0.23m1, 0.28g, 1.98mmol) was added and 
the reaction mixture was stirred for 43.5h at room 
temperature. 
The usual work-up followed by dry column flash 
chromatography, eluting with petrol : ether (100:0 to 
20:80) gave a yellow solid. 	Recrystallisation from 
petrol 60/80 	toluene gave white crystals of N-benzoyl- 
3,3-bis(3'-chlorophenyl)prop--2-en-1-ylarflifle (446mg, 73%), 
m.p. 121-122.5°C (Found : C,69.3; H, 4.5; N, 3.6. 
C22H17N0C12 requires C, 69.1; H, 4.5; N, 3.7%). 
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For spectral characteristics see Appendix Two. 
SYNTHESIS OF OTHER STARTING MATERIALS 
N-Benzoyl-3 , 3-diphenylpropylainine 
N-Benzoyl-3,3-diphenylprop-2--efl-1-ylamifle (490mg, 
1.56mmol) in dioxan (20m1) was hydrogenated at 
atmospheric pressure over 10% palladium-on-activated 
carbon (55mg), for 4.5h. 	The catalyst was filtered off 
and washed with methylene chloride (2 x 10ml). 	The 
filtrate was evaporated under reduced pressure to give a 
colourless oil. 	Dry column flash chromatography, 
eluting with petrol : ether (100:0 to 30:70), gave a 
white solid. 	Recrystallisation from ethanol gave white 
crystals of N-benzoyl-3, 3-diphenyipropylamine 
(0.471g, 96%), m.p. 102.5-104.5°C (Found: C,83.5; H, 6.7; 
N, 4.5. C22H21N0 requires C, 83.8; H, 6.7; N, 4.4%) 
(Found m/z 315.1629 C22H21N0 requires m/z 315.1623); 6H 
(200.13 MHz; CDC13) 2.40 (2H, q, J 7.6 and 6.7 Hz), 3.46 
(2H, q, J 6.6Hz), 4.02 (1H, t, J 7.8 Hz), 6.18 (lH, brd. 
S,NH), 7.12-7.50 (13H,m), 7.59-7.63 (2H,m); 6c (50.32MHZ; 
CDC13) 35.1 (CH2), 39.1 (CH2), 49.5 (CH), 126.3 (2 x CH), 
126.7 (2 x CH), 127.6 (4 x CH), 128.3 (2 x CH), 128.6 (4 
X CH), 131.1 (CH), 134.5 (quat.), 144.2 (2 x quat.), 
167.2 (quat., C=0); i.r. (nujol) 3360 (NH), 1635 (C=O) 
and 1613 (c=c) cm'; m/z 316 (36%), 315 (76), 165 (40), 
135 (87), 134 (90), 105 (100). 
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B. GENERATION AND REACTION OF BENZONITRILE 
3, 3—DIARYLALLYL YLIDES 
1) 	Benzonitrile 3,3-diphenylallyl ylide 
A mixture of N-benzoyl-3,3-diphenylprop-2-en-1-
ylamine (0.509g, 1.62mmol) and phosphorus pentachloride 
(0.526g, 2.53mmol) in ether (20m1) was refluxed, under 
dry nitrogen, for 17h. 	The solvent was then removed 
under reduced pressure, followed by high vacuum, to give 
N_[3,3_diphenylprop_2_en-1--yl]beflZimidoYl chloride as a 
yellow oil; 6H  (60MHZ; CDC13) 4.37 (2H, d, J 7Hz), 6.25 
(1H, t, J 7Hz), 7.20-7.43 (13H, m) and 7.87-8.10 (2H,m). 
This oil was dissolved in tetrahydrofuran (lOml) and 
potassium tert-butoxide (0.56g, 5mmol) was added in one 
portion at room temperature. 	A deep purple colour was 
observed which began to fade after ca. 15 mins. 	After 
stirring under dry nitrogen for 2h saturated aqueous 
ammonium chloride solution (lOmi) was added. 	The 
organic phase was separated and the aqueous phase 
extracted with ether (2 x lOml). 	The combined organic 
phases were dried and evaporated. 	Flash chromatography 
on 10% deactivated neutral alumina, eluting with petrol 
ether (100:0 to 50:50), gave a pale yellow solid. 
Recrystallisation from petrol 60/80: toluene gave 
1,5-diphenyl-3H-2-benzazepine (351mg, 73%), m.p. 
137-138.8°C (Found : C, 89.7; H, 5.9; N, 4.4. C22H17N 
requires C, 89.5; H, 5.80; N, 4.7%); see Appendix Three 
for spectral characteristics. 
A picrate derivative was prepared and recrystallised 
from ethanol, m.p. 173-175°C (Found: C, 64.2; H, 4.1; N, 
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10.4. C28H20N407 requires C, 64.1; H, 3.8; N, 10.7%). 
2) 	Benzonitrile 3,3-bis(3 1-methylphenyl)allyl ylide 
N.Benzoyl_3,3_bis(3 1 _methy1PheflYl)PrOP-2-efl-1--y1amine 
(128mg, 0.37mmol) was dissolved in ether (20m1) and 
dried for 16h over calcium sulphate. 	The desiccant was 
then filtered off, phosphorus pentachioride (119mg, 
0.57mmol) was added and the reaction mixture was refluxed 
under dry nitrogen for 6h. 	The solvent was then removed 
under reduced pressure, followed by high vacuum, to give 
a red oil. 	This oil was dissolved in tetrahydrofuran 
(lOml) and cooled to 0°c. 	potassium tert-butoxide 
(195mg, 1.74mmol) was added in one portion to give a deep 
purple colour which began to fade after ca. 5 mins. 
After stirring for 4h at 0°C the reaction mixture was 
poured into 10% aqueous ammonium chloride solution 
(50ml). 	The organic phase was separated and the aqueous 
phase extracted with methylene chloride (3 x 25m1). 	The 
combined organic layers were dried and evaporated under 
reduced pressure to give a mixture of 7-methyl-5-(3'-
methylphenyl )-1-phenyl-31-2-benzazepifle and 
9_methyl_5_(31_methy1pheny1)_l_pheflY1_3_2_beflZaZeP1fle 
(isomer ratio 1:2.56) as an orange oil (108mg, 89%) 
(Found m/z 323.1663. C24H21N requires m/z 323.1674). 
Flash chromatography on 10% deactivated alumina, 
eluting with petrol : ether (100:0 to 50:50), followed by 
preparative t.l.c. on phosphate buffered (pH8) silica, 
eluting with petrol : ether (50:50), gave; 
a) 7_methyl_5_(31_methy1pheny1)-1-phefly1-3-2-
benzazepine as a yellow oil (4mg, 3%); see Appendix 
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Three for spectral characteristics. 
b) 	9-methyl-5-(3'-methylphenyl)-1-phenYl-3H-2- 
benzazepine as a yellow oil (9mg, 7%); see Appendix Three 
for spectral characteristics. 
A repeat reaction gave an isomer ratio (7-methyl: 
9-methyl) of 1:2.38. 	(All isomer ratios are measured 
from the integrals of the C4-H triplets in the 'H n.m.r. 
spectra of the reaction mixtures.) 
3) 	Benzonitrile 3,3-bis(3t-methoxypheflyl)allyl ylide 
N-Benzoyl-3 , 3-bis (3 t -methoxyphenyl )prop-2-en-1-yl-
amine (48mg, 0.129mmol) was dissolved in d8-tetrahydro-
furan (0.3m1) and thionyl chloride (0.lml) and allowed to 
stand at room temperature in the dark. 	The reaction was 
monitored by 1H n.m.r.. 	After 41.5h only a trace of 
starting material remained and the solvent was removed 
under reduced pressure followed by high vacuum to give an 
orange/brown oil; 6H  (80.13 MHz; d8-thf and thionyl 
chloride) 3.51 (6H, d, J2Hz), 4.23 (2H, d, J7Hz), 6.10 
(1H, t, J7Hz), 6.53-7.28 (11 H,m) and 7.78-7.90 (2H, 
m). 	The oil was dissolved in tetrahydrofuran (3m1) and 
cooled to 0°C. 	Potassium tert-butoxide (21mg, 0.187 
mmol) was added in one portion, with stirring under dry 
nitrogen. 	An immediate purple colour was observed which 
began to fade after Ca. 2 mins. 	After stirring for 2h 
at 0°C the reaction mixture was poured into 25% w/w 
aqueous ammonium chloride solution (lOml) and the organic 
phase was separated. 	The aqueous phase was extracted 
with ether (3 x lOml) and the combined organic phases 
were dried and evaporated under reduced pressure to give 
174 
a mixture of 7-methoxy-5-(3'-methoxyphenyl)-1-pheflyl-
3H-2-benzazepine and 9-methoxy-5-(3'-methoxyphenyl)-1-
phenyl-3H-2- benzazepine (isomer ratio 1:1.43) as an 
orange oil (41mg, 89%) (Found m/z 355.1571. C24H21NO2 
requires m/z 355.1572). 
A repeat reaction gave a mixture of isomers (120mg, 
99%) with an isomer ratio (7-methoxy : 9-methoxy) of 
1:1.63. 	Some of this mixture (74mg) was subjected to 
preparative t.l.c. on silica, eluting with petrol : ether 
(50:50), to give; 
7-methoxy-5-(3 1-methoxyphenyl)-1-phenyl-3H-2-
berizazepine as a yellow oil (5mg, 7%); see Appendix 
Three for spectral characteristics. 
9-methoxy-5-(3'-methoxyphenyl)-1-phenYl-3H-2--
benzazepine as a yellow oil (9mg, 12%); see Appendix 
Three for spectral characteristics. 
4) 	Benzonitrile 3-(2'-deuteriophenyl)-3-phenylallyl 
ylide as an E/Z mixture 
(E)/(Z)_N_Benzoyl_3_(2'-deuteriophenyl)-3-phenylprOP-2-efl-
1-ylamine (79mg, 0.25mmol) and phosphorus pentachloride 
(64mg, 0.31mmol) were dissolved in ether (15ml) and 
refluxed for 16h under dry nitrogen. 	The reaction 
mixture was allowed to cool and the solvent was removed 
under reduced pressure, followed by high vacuum to give 
an orange oil. 	This oil was dissolved in tetrahydro- 
furan (lOrni) and cooled to o°c. 	potassium tert-butoxide 
(77mg, 0.69mmol) was added and a deep purple colour was 
observed. 	The reaction mixture was stirred at 00 for 2h 
and then poured into 10% aqueous ammonium chloride 
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solution (15ml). 	The organic phase was separated and 
the aqueous phase extracted with ether (3 x 10ml). 	The 
combined organic layers were dried and evaporated under 
reduced pressure to give an oil. 
Flash chromatography on 10% deactivated neutral 
alumina, eluting with petrol : ether (100:0 to 50:50), 
gave a mixture of 3-deuterio-1,5-diphenyl-3H-2-
benzazepine, 6-deuterio-1,5-diphenYl-3H-2-benZaZePifle and 
5_(2 1 _deuteriopheny1)-1--phefly1-3-2- benzazepine, as an 
orange oil (34mg, 46%) (Found m/z 296.1427. C22H16DN 
requires m/z 296.1424); deuterium content = 97.6%; see 
Appendix Three for spectral characteristics. 
The 3_deuteriO-1,5-dipheflY1-3-2-beflZaZePine to 
6_deuterio-1,5-dipheny1-3-2-beflZaZePine ratio 
(calculated from 2H n.m.r.)was found to be 1:1.66 (see 
Appendix Four). 
A repeat reaction gave the same three component 
mixture (12mg, 31%). 	The isomer ratio (3-deuterio 
6-deuterio) in this case was 1:1.23. 
5) 	Benzonitrile 3,3-bis(2'-deuterio-3'-methylpheflyl)- 
allyl ylide 
N_Benzoyl-3,3-bis(2'-deuteriO-3'-methYlPheflYl)PrOP2 
en-1--ylamine (76mg, 0.22mmol) was dissolved in d8-tetra-
hydrofuran (0.3m1) and thionyl chloride (0.15ml) and kept 
at room temperature, in the dark, for 41h. 	The reaction 
was monitored by 'H n.m.r. and after 40h ca. 29% of the 
starting material remained. 	After 41h the solvent was 
removed under reduced pressure followed by high vacuum to 
give a yellow/orange oil. 	This oil was dissolved in 
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tetrahydrofuran (2ml) and cooled to 0°C. 	Potassium 
tert-butoxide (40mg, 0.36mmol) was added and a deep 
purple colour was observed. 	The usual work-up, after 
stirring under dry nitrogen for lh at 00, followed by 
flash chromatography on 10% deactivated neutral alumina, 




benzazepine as an orange oil (35mg, 49%). 
The isomer ratio (9-methyl : 7-methyl) was found to 
be 2.05:1 (calculated from the 2H n.m.r. spectrum) or 
2.22:1 (calculated from the 'H n.m.r. spectrum); see 
Appendix Four. 
A repeat reaction gave the same two component 
product mixture (56mg, 56%). 	In this case the isomer 
ratio was 2.67:1 (from 2H n.m.r. spectrum) or 2.52:1 
(from 'H n.m.r. spectrum). 
The above product mixtures were combined and 
subjected to preparative t.l.c. on silica, eluting with 
petrol : ether (50:50), to give; 
3_deuterio_5_(2'_deuterio-3'-methylphenyl)-9-fllethYl-
1-phenyl-3H-2-benzazepine as a yellow oil (19mg, 21%) 
(Found m/z 325.1799. C24H19D2N requires m/z 325.1799); 
see Appendix Three for spectral characteristics. 
6_deuterio_5_(2'_deuterio-3'-methylpheflyl)-7-methyl-
1-phenyl-3H-2-benzazepine as a yellow oil (7mg, 8%) 
(Found m/z 325.1806. C24H19D2N requires m/z 325.1799); 
see Appendix Three for spectral characteristics. 
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6) 	Benzonitrile 3,3-bis(6'-deuterio-3'-rnethylphenyl)- 
allyl ylide 
N-Benzoyl-3,3-bis(6'-deuteriO-3'-methylpheflYl)PrOP-
2-en-1-ylamine (78mg, 0.23mmol) was dissolved in ether 
(1.5m1) and thionyl chloride (0.5m1) and refluxed under 
dry nitrogen for 17h. 	The solvent was then removed 
under reduced pressure, followed by high vacuum, to give 
an orange oil which was dissolved in tetrahydrofuran 
(4m1) and cooled to 0°C, under dry nitrogen. 	Potassium 
tert-butoxide (42mg, 0.37mmol) was added and a deep red 
colour was observed. 	The usual work-up, after stirring 
for lh at 0°C, followed by flash chromatography on 10% 
deactivated neutral alumina, eluting with petrol : ether 
(100:0 to 70:30), gave a mixture of 3-deuterio-5-(6'--
deuterio_3'-methy1phenyl)-7-methYl-1-PheflY1-3-2-beflZ-
azepine and 6-deuterio-5-(6'-deuterio-3'-methYlpheflYl)-9-
methyl-1-phenyl-3H-2-benzazepifle as an orange oil (27mg, 
37%) 
The isomer ratio (7-methyl : 9-methyl) was found to 
be 1:1.78 (from 2H n.m.r. spectrum) or 1:2.07 (from 1H 
n.m.r. spectrum); see Appendix Four. 
A repeat reaction gave the same two component 
product mixture (31mg, 27%). 	In this case the isomer 
ratio was 1:2.31 (from 2H n.m.r. spectrum) or 1:2.12 
(from 'H n.m.r. spectrum). 
The above product mixtures were combined and 
subjected to preparative t.l.c. on silica, eluting with 
petrol : ether (50:50), to give; 
a) 	3_deuterio_5_(61_deuterio_31-methylphehyl)-7-methyl- 
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1-phenyl-3H-2-benzazepine as a yellow oil (2.4mg, 4%) 
(Found m/z 325.1805. 	C24H19D2N requires m/z 325.1799); 
see Appendix Three for spectral characteristics. 
b) 	6-deuterio-5-(6'-deuterio-3'-methylpheflyl)-9-IflethYl- 
1-phenyl-3H-2-benzazepine as a yellow oil (11mg, 19%) 
(Found m/z 325.1784. 	C24H19D2N requires m/z 325.1799); 
see Appendix Three for spectral characteristics. 
7) 	Benzonitrile 3,3-bis(3 1 -trifluoromethylpheflyl)allyl 
ylide 
N-Benzoyl-3 , 3-bis (3' -trifluoromethylphenyl )prop-2-en- 
1-ylamine (74mg, 0.16mmol) was dissolved in thionyl 
chloride (0.15ml) and d8-tetrahydrofuran (0.3ml) and 
stirred, in the dark, at room temperature for 21h. 	This 
reaction was monitored by 1H n.m.r., after 21h no 
starting material was evident. 	The solvent was then 
removed under reduced pressure, followed by high vacuum 
to give a brown oil; 6H  (60MHz;d8-thf and thionyl 
chloride) 4.17 (2H, d, J7Hz), 6.25 (1H, t, J 7Hz), 
7.12-7.50 (llH, m) and 7.73-7.93 (2H, m). 	This oil was 
dissolved in tetrahydrofuran (2m1) and cooled to 0°C. 
Potassium tert-butoxide (31mg, 0.28mmol) was added and a 
dark green colour obtained which began to fade after Ca. 
2 mins.. 	The usual work-up, after stirring at 00 for 
0.5h, gave a mixture of l-phenyl-7-(trifluoromethyl)-5- 
(3'-trifluoromethylphenyl)-3H-2-benzazepine and 
l-phenyl-9-(trifluoromethyl)-5-(3'-triflUorOmethYlPheflYl)-
3H-2-benzazepine (79%, calculated from crude 'H n.m.r. 
spectrum), as well as some starting material (21%). 
The isomer ratio (7-trifluoromethyl 	9-trifluoro- 
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methyl) was found to be 1:1.59 (from 1H n.m.r. 
spectrum). Repeat reactions gave the same product 
mixtures and isomer ratios of 1:1.51 and 1:1.37. 
Some of this product mixture (100mg) was subjected 
to preparative t.1.c. on silica, eluting with petrol 
ether (50:50), to give; 
1_phenyl-7-(trifluoromethyl)-5-(3'-triflUorOmethyl-
phenyl)-3H-2-benzazepine as an orange oil (4mg, 4%) 
(Found m/z 431.1101. C24H15NF6 requires m/z 431.1109); 
see Appendix Three for spectral characteristics. 
l_phenyl_9-(trif1uoromethyl)-5-(3'-trifluoromethyl-
phenyl)-3H-2-benzazepine as an orange oil (4mg, 4%); see 
Appendix Three for spectral characteristics. 
8) 
	
	Benzonitrile 3,3-bis(3'-chlorophenyl)allyl ylide 
N_Benzoyl-3,3-bis(3'-ChlOrOpheflyl)proP-2-efl-1--Ylamifle 
(91mg, 0.24mmol) was dissolved in tetrahydrofuran (lml) 
and thionyl chloride (0.5m1) and stirred for 17h at room 
temperature in the dark and under dry nitrogen. 	The 
solvent was then removed under reduced pressure followed 
by high vacuum to give a brown oil; 6H  (60MHZ; d8-thf 
and thionyl chloride) 4.4 (2H, d, J 7Hz), 6.4 (1H, t, J 
7Hz), 7.17-7.57 (llH, m), 8.0-8.23 (2H,m). 	This oil 	was 
dissolved in tetrahydrofuran (3ml) and cooled to 0°C. 
Potassium tert-butoxide (47mg, 0.42mmol) was added and 
gave a dark green colour which began to fade after ca. 2 
mins. The usual work-up, after stirring under dry 
nitrogen at 00 for 0.5h, gave a mixture of 7-chloro-5--
(3'-chlorophenyl)-1-phenyl-3H-2-benzaZepine and 9-chioro-
5-(3 '-chlorophenyl)-1-phenyl-3H-2-benZaZePifle as an 
:s 
orange oil (87mg, 100%) (Found m/z 363.0573. C22H15NC12 
requires m/z 363.0581). 
The isomer ratio (7-chloro :9-chloro) was found to 
be 1:2.18. 	A repeat reaction gave this ratio as 1:2.02. 
Preparative t.1.c. on silica, eluting with petrol 
ether (50:50) gave; 
7-chloro-5-(3'-chlorophenyl)-1-phenyl-3H-2-
benzazepine as an orange oil (12mg, 14%); see Appendix 
Three for spectral characteristics. 
9-chloro-5-(3'-chlorophenyl)-1-phenyl-3H-2-
benzazepine as an orange oil (3mg, 3%); see Appendix 
Three for spectral characteristics. 
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MISCELLANEOUS REACTIONS 
1) 	Attempted deuteration of 1,5-diphenyl-3H-2- 
benzazepine 
1,5-Diphenyl-3H-2-benZaZePifle (53mg, 0.18mmol) was 
dissolved in tetrahydrofuran (15m1) and potassium tert- 
butoxide (21mg, 0.18mmol) was added. 	The reaction 
mixture was stirred for 16h, under dry nitrogen, before 
adding deuterium oxide (0.5m1) and stirring for a further 
5h under dry nitrogen. 	The reaction was then quenched 
by pouring into 10% aqueous ammonium chloride solution 
(15ml). 	The organic layer was separated and the aqueous 
phase extracted with ether (3 x 25m1). 	The combined 
organic layers were dried and evaporated under reduced 
pressure to given an orange oil (53mg, 100%); 6H  (80.13 
MHz; CDC13)3.10 (lH, dd, J 10.4 and 6.8 Hz), 4.49 (1H, 
dd, J 10.5 and 7.1Hz), 6.50 (1H, t, J 6.9 Hz), 7.09-7.63 
(14H, m); m/z 295 (14%), 294 (40), 105 (20), 83 (18), 69 
(18), 59 (41), 58 (26), 57 (27), 55 (30), 43 (100). 
Spectra similar to 1,5-diphenyl-3H-2-benZaZePine so, 
no evidence for deuterium incorporation. 
2) 	Exposure of l-phenyl-9-(trifluorOmethYl)-5-(3'- 
trifluoromethylphenyl)-3H-2-benZaZePifle to light 
l-pheriyl-9-(trifluoromethyl )-5-(3 I -trifluoro-- 
methylphenyl)-3H-2-benzaZePifle (4mg, 0.009mmol) in 
deuteriochloroform (0.5ml) was allowed to stand at room 
temperature, in the light, for 16h. 	After 16h the 19F 
spectrum was identical to that of the starting material; 
6F (75.39 MHz; CDC13) - 56.69(5), -62.39(s). 
182 
Exposure of l-phenyl-7-(trifluoromethyl)-5-(3'-tri- 
fluoromethylphenyl)-3H-2-benZaZepifle to light 
l_phenyl_7_(trifluoromethyl)-5-(3t-triflUOrOmethYl-
phenyl)-3H-2-benZaZepifle (4mg, 0.009mrnol) in deuterio-
chloroform (0.5ml) was allowed to stand at room 
temperature, in the light, for 16h. 	After 16h the 19F 
spectrum was identical to that of the starting material; 
6F (75.39MHZ; CDC13) -62.40(s), -62.65(s). 
Treatment of a mixture of (trifluoromethyl)benz-
azepines with potassium tert-butoxide 
A mixture of 1-phenyl-7-(triflUorOmethYl)-5-(3'-
trifluoromethylphenyl)-3H-2-beflZaZePifle and l-phenyl-9-
(trifluoroinethyl )-5-(3 '-trifluoromethylphenyl )-3H-2-
benzazepine (122mg, 0.28mmol) (ratio; 7-trifluoromethyl: 
9-trifluoromethyl = 1:1.37) was dissolved in tetra- 
hydrofuran (lOmi). 	potassium tert-butoxide (47mg, 
0.42mmol) was added and the reaction mixture stirred for 
16h, under dry nitrogen, in the dark, at room 
temperature. 	The reaction mixture was then poured into 
25% aqueous ammonium chloride solution (lOnd). 	The 
organic phase was separated and the aqueous phase 
extracted with ether (3 x lOmi). 	The combined organic 
phases were dried and evaporated under reduced pressure 
to give an orange oil (120mg, 98%). 	The 1H n.m.r. 
spectrum of this oil is identical to that of the starting 
mixture and the isomer ratio (7-trifluoromethyl 
9-trifluoromethyl) was 1:1.31. 
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Generation and reaction of benzonitrile 3,3-
diphenylpropyl ylide 
N-Benzoyl-3,3-diphenylpropylamine (150mg, 0.48rnmol) 
was dissolved in tetrahydrofuran (lml) and thionyl 
chloride (0.4ml) and stirred for 13h in the dark, under 
dry nitrogen, at room temperature. 	The solvent was then 
removed under reduced pressure followed by high vacuum to 
give a pale yellow oil; 6H  (200.13 MHz; d8-thf and 
thionyl chloride) 2.69 (2H, q, J 7.4 and 7.0 HZ), 3.86 
(2H, t, J 7 Hz), 4.36 (1H, t, J 7.8 Hz), 7.26-7.66 (13H, 
rn), 8.18-8.23 (2H, m). 
This oil was dissolved in tetrahydrofuran (5ml) and 
cooled to o°c. 	potassium tert-butoxide (81mg, 0.72mmol) 
was added and after ca. 1 mm. a deep purple colour was 
observed which began to fade to yellow after ca. 5 mins. 
After stirring for 2h at 00 the usual work-up gave a 
multi-component oil (130mg) from which no products could 
be isolated. 	The -H n.m.r. spectrum shows a complex 
mixture. 
Attempted trapping of benzonitrile 3,3-diphenylallyl 
ylide 
N_Benzoyl_3,3_diphenylprOp-2--efl-1-ylamifle (159mg, 
0.51rnmol) was dissolved in ether (3inl) and thionyl 
chloride (lml) and stirred for 16h under dry nitrogen at 
room temperature. 	The solvent was removed under reduced 
pressure followed by high vacuum to give a yellow oil. 
This oil was dissolved in tetrahydrofuran (5ml) and 
cooled to -200 c. 	potassium tert-butoxide (57mg, 
0.51mmoi) was added and an immediate faint red 
184 
colouration was observed. 	After 30s methanol (5m1) was 
added and the reaction mixture was stirred for 30 mins. 
The solvent was then removed under reduced pressure 
followed by high vacuum to give a mixture of methyl N-
(3,3-diphenylprop-2-en-1--yl)benzimidate and 1,5-diphenyl- 
3H-2-benzazepine as a yellow oil. 	T.l.c. on silica, 
eluting with petrol : ether (40:60), showed 1,5-diphenyl-
3H-2-benzazepine and N-benzoyl-3,3-diphenylprop-2-en-1- 
ylamine. 	The 1H n.m.r. spectrum of the mixture showed 
methyl N-(3,3-diphenylprop-2-en-1-yl)benzimidate; 6H 
(80.13MHZ; CDC13) 3.85 (3H, s), 4.06 (2H, d, J 7Hz), 




Generation and reaction of 2'-chlorobenzonitrile 
2-phenylbenzyl ylide 
N_(2 1 -chlorobenzoyl)-2-phenylbenzylamine (177mg, 
0.55rnmol)129 was dissolved in ether (loml) and dried over 
calcium sulphate. 	The desiccant was filtered off after 
lh and phosphorus pentachloride (174mg, 0.84mmol) was 
added. 	The reaction mixture was refluxed for 16h after 
which some starting material remained. 	Tetrahydrofuran 
(3ml) was added and the solution refluxed for a further 
4h. 	The solvent was removed under reduced pressure 
followed by high vacuum to give a colourless oil. 	This 
oil was dissolved in tetrahydrofuran and cooled to 0°C. 
Potassium tert-butoxide (286mg, 2.55mmol) was added and a 
deep purple colour was observed. 	This colour began to 
fade to yellow/orange immediately. 	After stirring for 
0.5h at 00 the reaction mixture was poured into 25% 
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aqueous ammonium chloride solution (lOml). 	The organic 
layer was separated and the aqueous phase extracted with 
ether (2 x 25m1). 	The combined organic layers were 
dried and evaporated under reduced pressure. 
Dry column flash chromatography, eluting with 
petrol:ether (100:0 to 50:50), followed by preparative 
t.1.c. on silica, eluting with chloroform : ether (90:10) 
gave 7-(2 1-chlorophenyl)-5H-dibenZ[c,e]aZepifle as a 
yellow semi-solid (62mg, 37%) (Found m/z 303.0826. 
C20H14NC1 requires m/z 303.0815); 6H  (200.13MHZ; CDC13) 
3.99 (1H, d, J10.5Hz), 4.91 (1H, d, J10.5Hz), 7.14-7.56 
(10 H, rn), 7.64-7.75 (2H, m); 6c (50.32 MHz; CDC13) 55.3 
(CH2), 126.5 (CH), 126.7 (CH), 127.6 (CH), 127.8 (CH), 
128.0 (CH), 128.1 (CH), 128.7 (2 x CH), 129.6 (CH), 129.8 
(CH), 129.8 (CH), 131.0 (CH), 133.0 (quat.), 134.8 
(quat.), 138.3 (quat.), 140.1 (quat.) 140.4 (quat.) 140.6 
(quat.), 167.7 (quat., C = N); 	i.r. (film) 1615 and 1595 
cm-1; m/z 303 (39%), 166 (100), 137 (63), 102 (48), 75 
(96), 73 (50), 63 (70), 51 (71), 50 (72). 	All attempts 
to crystallise the sample were unsuccessful. 
A picrate derivative was prepared and recrystallised 
from ethanol, m.p. 202.5-205.5°C (Found: C, 58.2; H, 3.2; 
N, 10.4. C26H17N407C1 requires C, 58.6; H, 3.2; N, 
10.5%). 
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APPENDIX ONE CALCULATION OF %DEUTERATION OF 
DEUTERIUM LABELLED COMPOUNDS 
Example %D content of (E)/(Z)-3-(2'-deuteriophenyl)-
3-phenylpropenenitrile 
Mass spectrum of 3,3-diphenyipropenenitrile 
203 	204 	205 	206 
19.3 58.9 100 17.9 
(M-i) 	M 	(M+1) 
The above data consists of an average of six scans 
taken over the molecular weight range of 3,3-diphenyl- 
propenenitrile. 	The spectra are run at as low 
ionization potential as possible to minimise the 
fragmentation. 	All peaks are measured relative to the 
base peak which is given a value of 100. 
Mass spectrum of 3-(2'-deuteriophenyl)-3-phenyl-
propenenitrile 
203 	204 	205 	206 	207 
7.7 21.9 59.2 100 17.8 
(M-2) 	(M-i) 	M 	(M+l) 
(All conditions as for 3,3-diphenyipropenenitrile) 
In the partially labelled sample the peak (M-i) 
consists of the contribution from the unlabelled sample 
as well as the (M-i) contribution from the partially 
labelled sample. 	This can be represented by; 
(M1) = (Ml)lab + Munlab 
Similarily; 
M = Mlab + (M+l)unlab 
(M+l) = (M+l)lab + (M+2)unlab 
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or, 
59.2 = x + 0.589 y 
100 = 0.179 x + y 
17.8 = 0.179 y 
where x and y are the parent peak contributions from the 
unlabelled and labelled species, respectively. 
Solving the above equations gives; 
y = 99.4, x = 0.60 (±0.03) 
Thus, the %D enrichment = 	99.4 	= 99.4% 
(99.4 + 0.6) 
2-Deuterio-3-bromotolUene 
Unlabelled spectrum 
169 	170 171 	172 	173 
9.7 100 17.2 98.2 9.7 
(M-l) M (M+1) (M+2) (M+3) 
Partially labelled spectrum 
170 	171 172 	173 	174 
17.9 100 27.5 99.6 12.7 
(M-1) M (M+1) (M+2) (M+3) 
%D enrichment = 92% 
4-Deuterio-3-bromotoluene 
Unlabelled spectrum 
	 Partially labelled spectrum 
169 	170 171 	172 	173 	170 	171 172 	173 	174 
9.7 100 17.2 98.2 9.7 17.2 100 24.8 97.2 12.1 
(M-l) M (M+1) (M+2) (M+3) 	(M-1) M (M+l) (M+2) (M+3) 
%D enrichment = 92.6% 
(E)/( z )-N-Benzoyl-3- (2 '-deuteriophenyl )-3-phenylprop-2-
en-1 -ylamine 
Unlabelled spectrum partially labelled spectrum 
313 	314 315 313 314 	315 
100 24.8 7.6 3.8 100 25.3 
M 	(M+l) (M+2) (M-l) M 	(M+1) 
%D enrichment = 96.3% 
N_Benzoyl_3,3-J(2'-deUteriO-3'-rflethYlPheflYl)Pr0P2!fl. 
1-ylamine 
Unlabelled spectrum 	Partially labelled spectrum 
341 342 343 344 	341 342 343 344 345 
100 30.4 23.9 6.6 8.95 13.7 100 31.1 18.9 
M 	(M+l) (M+2) (M+3) 	(M-2) (M-l) M 	(M+l) (M+2) 
%Dideuteration = 91.7% 
N_Benzoyl_3,3_j(6t_deUteriO_3t_iflethYlPheflYl)PrOP_2_ .t._ 
l-ylamine 
Unlabelled spectrum 	Partially labelled spectrum 
341 	342 343 344 341 342 	343 344 	345 
100 30.4 23.9 6.6 6.7 12.2 100 32.5 18.8 
M 	(M+l) (M+2) (M+3) (M-2) (M-l) 	M (M+l) 	(M+2) 
%DideuteratiOfl = 93.8% 
Mixture of benzazepines from the cyclisation of 
benzonitrile 3-(2'-deuteriophenyl)-3-phenylallYl ylide 
1 ,5-Diphenyl-3H-2-benZaZepifle 	Mixture 
293 294 295 296 	294 295 296 297 
10.17 100 37.29 8.47 12.2 100 34.4 8.1 
(M-2) (M-1) 	M 	(M+1) 	(M-2) (M-1) M 	(M+1) 
Deuterium content of mixture = 97.6% 
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APPENDIX TWO : N-BENZOYL-3, 3-DIARYLPROP-2-EN-1 -YLAMINES 
ci) X:H 
XVQC X b) XMe X 
(;H2NHCOPh 
N.m.r. spectral data (200.13MHZ; CDC13) 
a) 	 I 	 b) 
X - 2.31(3H,$),2.36(3H,$) 
CH2____ 4.15(dd,J6.9and5.7Hz) 4.15(dd,J6.8and5.7Hz) 
olefinic CH 6.18(t,J7.0Hz) 6.16(t,J6.9Hz) 
NH 6.30(brd.) 6.25(brd.) 
Aromatics 7.18-7.52(13H,m)and 7.00-7.49(11H,m)and 
17.72-7.76(2H,m) 7.72-7 .76(2H,m) 






131.3(CH) ,134.6(quat), (2xCH) ,130.1(CH), 
139.0(quat.),141.6 131.2(CH),134.6,137.6, 
(quat. ),144.9(quat. ), 137.9,139.0,141.6, 
167.2(quat.,C=0). 145.2(all 	quat.), 
167.1(quat., 	C=0). 






I.r. 	spectral data 
(nujol) (film) 
3300(NH), 3310(NH), 
1625(C=0)cm 1  1635(C=0)cm1 
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'H N.m.r. spectral data (200.13MHZ; CDC13) 
X 3.71(3H,m),3.73(3H,m) - 
CH2____ 4.14(t,J6.2Hz)  4.11(t,J6.3Hz) 
olefinicCH6.18(t,J6.8HZ)  6.18(t,J6.8Hz) 
NH - 6.46(brd.) 
Aromatics 6.73-6.89(6H,m), 7.02-7.49(11H,m)and 
7.12-7.44 (6H,m) 	and 7.73-7.77 (2H,m) 
7.73-7.78(2H,m) 





124.6(CH),126.7(2xCH), (2xCH) ,129.8(CH) 
128.1(2xCH) ,128.8(CH), l31.4(CH),134.2,134.3, 
129.1(CH) ,l31.0,134.2, 134.5,140.1,142.0, 
140.0,142.6,143.8, 142.7, (all 	quat. 
159.2,159.3(all 	quat.), 167.3(quat., C=0). 
167.2(guat. ,C=0).  




122(100) ,105 (99) ,102 
(26) ,91 (31 ),77 (61), 
51(45) ,43(58) 
I.r. 	spectral data 
(film) (nujol) 
3320(NH), 3260(NH), 
1640 (C=0)cm' 1625(C=0)cm 1, 
160 3(C=C)cnr1, 
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APPENDIX TWO : N-BENZOYL-3, 3-DIARYLPROP-2--EN-1-YLAMINES 
e) X: CF3  
CH2NHCOPh 
'H N.m.r. spectral data (200.13MHZ; CDC13) 
e) 
x - 
CH2____ 4 .13(dd,J6.Band5 .8Hz) 






1 F N.m.r. spectral data (75.39MHZ; CDC13) 
_________ 
 
1-62.30 	 I 
N.m.r. spectral data (50.32MHz; CDCl) 









(quat. ) ,141 .6(quat. ), 
141.9 (quat. ) ,167 .4 
(quat., C=0) 
Mass spectral data 
449(36%) ,328(18), 
146(10) ,122 (18), 
105(100). 






APPENDIX TWO : N-BENZOYL--3, 3-DIARYLPROP-2-EN-1-YLAMINES 
J 7LJ 	 fl XD 
1' 
H'CH2NHCOPh 
lB N.m.r. spectral data (360.13MHZ; CDC13) 
f) 
CH2____ 4.15(dd,J6.9and5.6Hz) 
olefinic CH 6.18(t,J6.9Hz) 
NH 6.44(brd.) 
Aromatics 7.19-7.49(12H,m) 	and 
7.73-7.76(2H,m) 
zH N.m.r. sectra1 data (76.212MHZ 
.26 
Mass spectral data 
314(63%),193(82),  
105(100) ,77 (57), 
69 (55 ) ,63 (64) 157(65), 
55(56) ,43(60) 
I.r. spectral data 
(nujol) 
3310 (NH), 












X 2.30(3H,$) ,2.35(3H,$) 2.30(3H,$) ,2.35(3H,$) 
CH2____ 4.15(dd,J6.9and5.6Hz) 4.14(dd,J6.9and5.7Hz) 
olefinic CH 6 .15(2H,t-Fbrd.s,J7Hz) 6 .15(2H,brd.s+t,J6.9 
and NH  Hz) 
Aromatics 7.00-7.53(9H,m) 	and 7.00-7.49(9H,m)and 
17.71-7.76(2H,m) 17.70-7.75(2H,m) 
N.m.r. 	spectral 	data 	(50.32MHz; CDC13) 
21 .2(2xCH3) 139 .3(CH2), 
124 .0(cH) ,124 .5(CH), 
126 .6(CH) ,126.8(2xCH), 
127 .9(2xCH) ,l28 .2 
(4xCH),l28.3(2xCH), 
131.2 (cH ),134 .5,137.5, 
137 .8,138.9,141.5, 
145.0(all 	quat.), 
__ 167.1 	(guat.,C=0).  
2H N.m.r. 	s___pectral data 	(76.212MHz; CHC13) 
17.13,7.05 7.05 
Mass spectral data 
344(46%),343(4),239 343(5),212(32), 
(25), 	224(24) ,223 120(100) ,105 (75), 
(100),221(71),214 92(49),77(54). 
(28) ,147 (25) ,135 (30).  




(C=C)cnr 1  1600(C=C)cin 
(film) 
3310(NH)  ,1640 
(C=0)cnr'. 
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APPENDIX THREE : 5-ARYL-1-PHENYL-3H-2-BENZAZEPINES 
CI) 
N.m.r. spectral data (80.13MHZ; CDC13;273K) 
a) 
CH2 3.10(1H,dd,Jl0.3and6.7Hz) 











Aromatics 7.17-7.51(12H,m) 	and 
7.52-7.61(2H,m), 
1 CN.m.r. S pectral data (50.32MHz; CDC13);303K 
49.1 (CH2) ,125 .8 (CH) , 
127.5 (CH) ,127 .9 (2xCH), 
128.2(2xCH),128.6(CH), 
128.8 (2xCH) ,129 .2 (CH) , 
129.5(3xCH),130.0(2xCH), 
137.1,140.5,140.9,141.2, 
143.7 (all quat.), 168.8 
(guat., C=N). 
Mass spectral data 
299(23%),295(100),294 
(100) ,191 (20) ,189 (28), 
165(28) ,146 (24) ,91 (24), 
77(20). 
I.r. spectral data 
(nujol) 
1 600 cm -1 
195 
APPENDIX THREE : 5-ARYL-1-PHENYL-3H--2-BENZAZEPINES 
x Ph 
11' H 	b)XH,YCH3  
c)XCH3Y:H 









CH2 3.09(1H,dd,J10.2,6.8 3.08(1H,dd,J10.0,6.5 
HZ), 	4.46(1H,dd, Hz), 	4.43(1H,dd, 
J10.3,7.3Hz) J10.0,7.lHz) 
CH 6.44(t,J7.OHz) 6.56(t,J6.8Hz) 
Aromatics 7.05-7.50(10H,m), 7.07-7.44(12H,m) 
7.52-7 .56(2H,m)  
Nm.r. spectral data 	(50.32MHZ; CDC-13) 
49.1(CH2),168.8 21.3(CH3),22.3(CH3), 
(quat. ) 49.4(CH2),125.9(CH), 
126.4 (CII) ,127 .8 (2xCH), 
(from spectrum of 128.0(2xCH),128.1(CH), 
mixture - all other 128.3(2xCH),129.0(CH), 
signals too complex.) 129.1(CH),129.4(CH), 
130.5(CH) ,136.5,136.8, 
137 .7,140 .1,141 .3, 
141.4,144.2(all 	quat.), 
167 .6(quat. ,C=N) 
Mass spectral data 	(mixture) 
323(39%) ,322 F4-1),199(82),184(100), 
183(33) ,128 (29) ,91 (21) ,86 (59) ,84 (78) 
I.r. 	spectral data 	(mixture) 
(film) 
1665(C=N) 	and 1605(C=O)cur1 
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'H N.m.r. spectral data 
r;t 	 e) 
CDC13) (200.13MHZ; 	CDC13) 
X - 3.51(s) 
13.79(3H,$), - 
OCH3 3.81(3H,$) 3.79(s) 
CH2 3.28(1H,brd.), 3.15(1H,dd,Jl0.2,6.6 
4.70(1H,brd.) Hz), 	4.48(1H,dd, 
J10.2,7 .2Hz) 
CH 6.47(t,J7.0Hz) 6.55(t,J6.8Hz) 
Aromatics 6.81-6.97(5H,m), 6.82-7.03(5H,m), 
7.24-7.59 (5H,m) 	and 7.20-7.51 (7H,m) 
7.72 	(2H,J7.4Hz)  
Mass spectral data (mixture) 
355(3%),354(3),242(21),135(45),121(32), 
105(84) ,88 (43) ,86 (87) ,84 (73) ,77 (75), 
57(30),51(33),49(70),47(100). 
I.r. 	spectral data 	(mixture) 
(cH2C12) 
1660(C=N, 	weak) and 1600(C=C)cm1 
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'H N.m.r. spectral data (200.13MHZ; CDC13) 
f) 
CH2 3..09(1H,brd.) 3.13(1H,dd,Jl0.2,6.7 
4.53(1H,brd.) Hz), 	4.52(1H,dd, 
J10 .1,7.3Hz) 
CH 6.51(t,J6.9HZ) 6.64(t,J6.9Hz) 
Aromatics 7.11-7.63(12H,m) 7.14-7.45(12H,m) 
Mass spectral data 	(mixture) 
366(15%),365(29),364(72),363(48), 
362(100) ,189_(10)_,146_(21). 
I.r. 	spectral data 	(mixture) 
(CH2C12) 
1610(C=N, 	weak) 	and 1600(C=C)cm 
APPENDIX THREE : 5-ARYL-1-PHENYL-3H-2-BENZAZEPINES 
h)XHy CF3  
Y 	 i)X:CF3Y=H 
F3  




CH2 3.13(1H,brd.) 3.13(1H,dd,Jl0.2,6.4 
4.59(lH,brd.) Hz), 	4.56(lH,dd, 
J10.2,7.lHz) 
CH 6.63(t,J6.8Hz) 6.75(t,J6.5Hz) 
Aromatics 7.38-7.65(12H,m) 7.25-7.63(12H,m) 
N.m.r. 	spectral data 	(75.39MHZ; 	CDC13) 
-62.41(s),-62.66(s) 	-56.69(s),-62.39(s) 
Mass spectral data 	(mixture) 
431(51%),430(100),105(43),85(42), 
83(62) 
I.r. 	spectral data 	(mixture) 
(cH2c12) 
1610cm(C=N and C=O) 
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APPENDIX THREE : 5-ARYL-1-PHENYL-3H-2-BENZAZEPINES 
X:HY:D 
X:D ,: H 
Pkis 5-(2-deutphe)-1Pherffr3  
2-benzazepine. 




C3-H 3.11(1H) d,J6.6Hz dd,JlO.4 and 6.7Hz 
4.49(1H) d,J7.2Hz dd,J10.4 and 7.1Hz 
C4-H 6.50(1H) d,J6.9Hz t,J6.9Hz 
Aromatics 7.24-7.46(11H,m) 
7.51-7 .57_(2H,m) 
2H N.m.r. 	spectral data 	(76.212MHZ; 	CHC13) 
I 	 3.13(brd.) 
I 4.46(brd.) 
7.34(s),7.42(s) 





1630(C=N)and 1610(C=C)cm 1 










'H N.m.r. spectral data (200.13MHZ; CDC13) 
I 	 I 	 0) 
Cl!3 2.34(3H,$) 2.34(3H,$) 
2.35 (3H,$) 2.35(3H,$) 
C3-H 3.10(brd.))1H 3.10(1H,brd.) 
4.45(brd. ) 4.45(1H,brd. 
C4-H 6.43(d,J6.9Hz) 6.43(t,J6.9Hz) 
Aromatics 7.10-7.47(9H,m) 	and 7.05-7.41(8H,m) 	and 
7.51-7.59 (2H,m) 7.52-7.57 (2H,m) 





(See Appendix Four for deuterium spectra). 
APPENDIX FOUR : CALCULATION OF PRODUCT RATIOS FROM 
2H N.M.R. DATA 
If we take as an example the cyclisation of (E)/(Z)-
benzonitrile 3-(2'-deuteriophenyl)-3-pheflYlallYl ylides, 
(244a) and (244b). 	We must consider the cyclisation of 
each isomer and its contribution to the aromatic and 
aiphatic integrals in the 2H n.in.r. spectrum of the 
azepine product. 
(a)(Z)-isomer (244b) 








(241. b) 	 (256) 	 (254) 
Prold y 	: 	1 
MdeRDctbfl 	(y/1+y)x 	(1/1+y)x 
(b)(E)-isomer (244a) 








The contributions of each of the three azepine 
products to the 2H n.m.r. spectrum is numerically equal 
to the mole fraction multiplied by the number of 
deuterium atoms in the particular azepine. 
ALIPHATIC 	AROMATIC 
INTEGRAL INTEGRAL 
Contributions from (256) 
Contributions from (254) 




(l/l+y)x 	(y/l+y)x +(l-x) 
Thus, integral ratio, R= aromatic=[xy+(l-x)(l+y)1X (l+y) 
aliphatic L 	(l+y) 	j 	x 
R = xy+l+y-x-xy 
x 
R = l-i-y-x 
x 
Now, by the method of preparation, (E) and (Z) should be 
present in the starting material in equal amounts. 
Thus, x = 0.5 and R = 1+2y. 




R 4.312 3.45 
y 1.66 1.23 
Benzonitrile 3,3_(2'-deUteriO-31-TflethYlPheflYl)al1Yl 
ylide (245) 









A similar calculation to that above gives; 




R 1.977 - 1.75 - 
y 2.05 2.22 2.67 2.52 
2H N.m.r. spectrum 
6D (76.212MHZ, CHC13) 3.1, 4.4, 7.2 


















XI J:bbO y 
In this case, R = 2y+1; y = (R-1)/2 
Expt.(a) Expt.(b) 
1H 2H 'H 
R 4.56 - 5.61 - 
y 1.78 2.07 2.31 2.12 
2H N.m.r. spectrum 
6D (76.212MH 	CHC13) 3.3, 44, 7.1. 
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